United States Patent

US008188230B2

(12) (10) Patent No.: US 8.188.230 B2
Van Heerde et al. 45) Date of Patent: *May 29, 2012
(54) METHOD FOR RECOMBINANT (30) Foreign Application Priority Data
MICROORGANISM EXPRESSION AND )
ISOLATION OF COLLAGEN-LIKE Dec. 24, 1997 (N_.f) ...................................... 1007908
POLYPEPTIDES (51) Int.CL.
(75) Inventors: George Valentino Van Heerde, jgi ;gﬁ)g 888283
Oosterhout (NL); Alexis Comelus Van (52) U.S.Cle oo 530/356; 530/303
Rijn, Rosmalen (NL); Jan Bastiaan : : :
, | _ (358) Field of Classification Search ....................... None
Bouwstra, Bilthoven (:NL),__Frederlk See application file for complete search history.
Anton De Wolf, Bunmik (NL); Andreas
Mooibroek, Renkum (NL); Marc (56) References Cited
Willem Theodoor Werten, Wageningen
(NL); Richele Deodata Wind, U.S. PATENT DOCUMENTS
Wageningen (NL); Tanja Jacoba Van 3615624 A 10/1971 Smith et al.
Den Bosch, Ze1st (N_‘,) 5,238,805 A 8/1993 Saitou
(Continued)
(73) Assignee: Fuji Film Manufacturing Europe B.V.,
Tilburg (NL) FOREIGN PATENT DOCUMENTS
FR 2 085 347 6/1993
(*) Notice: Subject. to any disclaimer,i the term of this (Continued)
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 1171 days. OTHER PUBLICATIONS
This patent 1s subject to a terminal dis- Dyr et al., Separation used for purification of recombinant proteins.,
claimer. Journal of Chromatography B, Oct. 10, 1997, vol. 699, pp. 383-401.*
(21)  Appl. No.: 11/802,834 (Continued)
2 TFiled: Mav 25. 2007 Primary Examiner — Alexander Kim
(22)  Filed: ay &9 (74) Attorney, Agent, or Firm — Nixon & Vanderhye P.C.
(65) Prior Publication Data (57) ABSTRACT
US 2009/0264625 Al Oct. 22, 2009 A composition comprising a purified collagen-like polypep-
tide suitable as a peptizer, said polypeptide comprising [ Gly-
Related U.S. Application Data X-Y]n repeats, wherein Gly stands for glycine, X and Y
(60) Division of application No. 10/342.331, filed on Jan. represent any amino acid and n 1s an integer and selected such

15, 2003, now Pat. No. 8,084,579, which 1s a

continuation of application No. 09/617,842, filed on

Jul. 17, 2000, now abandoned, which 1s a division of
application No. 09/219,849, filed on Dec. 23, 1998,

now Pat. No. 6,150,081.

—

6301, Bglll

5459,Sphl’

that the length of the [Gly-X-Y |Jnrepeatis atleast 2.5 kDaand
wherein the amino acid sequence of said [Gly-X-Y |n repeats
comprises more than 4 different amino acids and wherein said
purified polypeptide is free of helix structure.

11 Claims, 13 Drawing Sheets

BamH]I, 938

%‘Qcol,ﬁlﬁ

A ,.
i Sphl,1382
5 EcoRI 1902
JAvrl1, 1908
Notl 1914
pCOL3Al
3'A0)]
5103 bpe AOXL(TT)

mh\[l.llj fITIn

'Sall 3857



US 8,188,230 B2
Page 2

U.S. PATENT DOCUMENTS

5,330,901 A * 7/1994 Prevattetal. ................ 435/69.6
5,380,642 A 1/1995 Roberts et al.

5,385,819 A 1/1995 Bowman et al.

5,439,787 A 8/1995 Yamanouchi et al.

5,496,712 A * 3/1996 Cappelloetal. ............. 435/69.1
5,580,712 A 12/1996 Keevert et al.

5,670,616 A 9/1997 Weber et al.

5,710,252 A 1/1998 Weber et al.

5,795,707 A 8/1998 Wagner et al.

6,150,081 A 11/2000 Van Heerde et al.

2003/0229205 Al  12/2003 Van Heerde et al.
FOREIGN PATENT DOCUMENTS

FR 2685347 6/1993
WO WO 90/05177 5/1990
WO 93/07889 4/1993
WO WO 93/07889 4/1993
WO 93/10154 5/1993
WO WO 93/10154 5/1993
WO 97/14431 4/1997
WO WO 97/14431 4/1997
WO 97/38710 10/1997
WO WO 97/38710 10/1997
OTHER PUBLICATTONS

Sreekrishna et al., Strategies for optimal synthesis and secretion of

heterologous proteins 1n the methylotrophic yeast Pichia pastoris.,

Gene, Apr. 29, 1997, vol. 190, pp. 55-62.*
Goldbert et al., Cloning and expression of a collagen-analog-encod-

ing synthetic gene in Escherichia coli, Gene, 1989, vol. 80, pp.
305-314.%

Heslot, Artificial fibrous proteins: A review, Biochimie, 1998, vol. 80,
pp. 19-31.%

Goldberg et al., “Synthesis of a collagen analog in Escherichia coli
using recombinant DNA technology”, Mat. Res. Soc. Symp. Proc.,
vol. 174, 1990, pp. 229-236, Material Research Society.

Bulleid et al., “Recombinant expression systems for the production of
collagen™, Biochemical Society Transactions, vol. 28 (4), pp. 350-
353, 2000.

Myllyharju et al., “Expression of recombinant human type I-III col-

lagensin the yeast Pichia pastoris”, Biochemical Society Transac-
tions, vol. 28 (4), pp. 353-357, 2000.

Vuorela et al. The EMBO Journal, vol. 16, No. 22, pp. 6702-6712,
1997,

Notice of Opposition to a European Patent dated Feb. 15, 2005 filed
in EP 0926543.

Reference D16 attached to Notice of Opposition dated Feb. 15, 2005
filed in EP 0926543.

Bachinger et al, The Journal of Biological Chemistry, 1981, vol. 256,
No. 24, pp. 13193-13199.

Miyahara et al, The Journal of Biological Chemistry, 1982, vol. 257,
No. 14, pp. 8442-8448.

Bulleid et al, Biochem. J. 1996, vol. 317, pp. 195-202.

Mazzorana et al, The Journal of Biological Chemustry, 1993, vol. 268,
No. 5, pp. 3029-3032.

Protein, Accession No. P02461; GI:115306; Jan. 25, 2005.
European Search Report dated Apr. 27, 1999 1ssued in EP 98 20 4263.
Prockop et al., “Collagens: Molecular biology, Diseases, and Poten-
tials for therapy,” Ann. Rev. Biochem., vol. 64, pp. 403-434, 1995.
Definition of vis-a-vis (last viewed on Apr. 19, 2010) cited in U.S.
Appl. No. 10/342,331 on Apr. 22, 2010.

Compute pl Mw (last viewed on Apr. 20, 2010) cited 1n U.S. Appl.

No. 10/342,331 on Apr. 22, 2010.
Bulleid et al,*Type-III Procollagen assembly in semi-intact cells:

chain association, nucleation and triple-helix folding do not require
formation of inter-chain disulphide bonds but triple-helix nucleation
does require hydroxylation”, Biochem. J. (1996) 317, 195-202.
Mazzorana et al, “Mechanisms of Collagen Trimer Formation”, The
Journal of Biological Chemistry, vol. 268, No. 5, Feb. 1993, pp.
3029-3032.

NCBI, P02461, Janeczko et al, *“Nucleotide and amino acid

sequences of the entire human alpha 1 (III) collagen™, Nucleic Acids
Res. 17 (16), 6742 (1989).

Cregg et al, “Recombinant Protein Expression in Pichia pastoris”,
Molecular Biotechnology 2000, vol. 16, No. 1, p. 23.

Walton et al, Polymers, Oxftord University Press, Oxford, UK (2001),
p. 70.

Walker, Peter (Ed.), Dictionary of Science and Technology, Larousse,
New York, NY (1995), pp. 117 and 248.

Carraher, Charles (Ed.), Symour/Carraher’s Polymer Chemistry, An
Introduction, Fourth Edition (1996) Marcel Dekker, Inc., New York,
NY, p. 353.

Hollenberg et al, “Production of recombinant proteins by
methylotrophic yeasts”, Current Opinion in Biotechnology 1997,
8:554-560.

de Wolf et al, “Characterization of helical structures 1n gelatin net-
works and model polypeptides by circular dichroism™, Progr Colloid
Polym Sci1 (1996) 102:9-14.

Hayashi et al, “Gelation of Gelatin Solution”, Agric. Biol. Chem.,
47(8), 1711-1716, 1983.

Butler et al, “Chemical Studies on the Cyanogen Bromide Peptides of
Rat Skin Collagen. Amino Acid Sequence of at1-CB3”, Biochemis-
try, vol. 13, No. 14, 1974, 2946-2953.

Glanville et al, “Completion of the amino acid sequence of the al
chain from type 1 calf skin collagen™, Biochem. J. (1983) 215, 183-
189,

Raghava et al, “Quantification of the variation in percentage identity
for protein sequence alignments”, BMC Bioinformatics 2006, 7:415
(4 pages).

Rigby et al, “Hydroxyproline and the Shrinkage Temperature of
Collagen™, Nature, No. 187, No. 4732, Jul. 9, 1960, pp. 150-151.
Butler, “The structure of al-CB3, A cyanogen bromide fragment
from the central portion of the al chain of rat collagen. The tryptic
peptides from skin and dentin collagens™, Biochemical and Biophysi-
cal Research Communications, vol. 48, No. 6,1972, pp. 1540-1548.
Rauterberg et al, “Acid Soluble Calf Skin Collagen—Characteriza-
tion of the Peptides Obtained by Cyanogen Bromide Cleavage of its
o.1-Chain™, Eur. J. Biochem. 19 (1971) 398-407.

Vuorela et al, “Assembly of human prolyl 4-hydroxylase and type 111
collagen 1n the yeast Pichia pastoris: formation of a stable enzyme
tetramer requires coexpression with collagen and assembly of a
stable collagen requires coexpression with prolyl 4-hydroxylase”,
The EMBO Journal, vol. 16, No. 22, pp. 6702-6712, 1997.
Bachinger et al, “Chain Assembly Intermediate in the Biosynthesis of
Type III Procollagen in Chick Embryo Blood Vessels”, The Journal of
Biological Chemistry, vol. 256, No. 24, Dec. 1981, pp. 13193-13199.
Miyahara et al, “Formation of Collagen Fibrils in Vitro by Cleavage
of Procollagen with Procollagen Proteinases”, The Journal of Bio-
logical Chemustry, vol. 257, No. 14, Jul. 1982, pp. 8442-8448.
Prockop et al, “The Biosynthesis of Collagen and Its Disorders”, The
New England Journal of Medicine, vol. 301, No. 2, pp. 77-85, Jul. 12,
1979.

* cited by examiner



U.S. Patent May 29, 2012 Sheet 1 of 13 US 8,188,230 B2

BamHI 938

Xhol, 1192
 Sphl,1382

EcoRI,1902
. JAvrll, 1908
ot NotI 1914
pCOL3Al %
3'A0: ,
3703 bps AOXU(TT) E
630LBgIII & 34 gy _ é/
5439,5phl” e HIS¢ &
1 Sall38s?
&Ncol,-‘leQ



dOdSHOAVD OHOVVOASDd dOdNDd4OHH DOMIDNSOHID 139MADH4D0 18l

dOdVYOHVYOVd DdVOSAdOVAD LIADHAONMHOS dDAdODddOdH DdVOdVIdSO NIODHUOMNODODd 1cl
SHAYHDOHAS DANODAHDIAD VIDHdOODdTOD dDddOHIDNH DSVOIIHDSID MIDOdODdSOH 19
dOdWDHIdODVT DUHVOLTOVID TdDdSHddOD0 VOIdOIONIDdD DOVAOHJOVAD dNOJSOSNOIA |

& by

US 8,188,230 B2

Sheet 2 of 13

E-0DLODLILVYODVYOOOLIVIOVI-S dAND
E-001LVOVOLOLILVYIODDIVYVYVID-S (LXOV.E
E-0DVVOVOLILVYVIOLLIDODILIVO-S (LXOV.Y

Z b4

May 29, 2012

U.S. Patent



U.S. Patent May 29, 2012 Sheet 3 of 13 US 8,188,230 B2

Fig 4

Belll, 1
—— A BamHI 938
e / Xhol, 1192
=" Amp 5i0X] <=, ophl 1382
Pooall Q/  EcoRL1902
> JAvrlL,1908
or 341 q;f'fNOT.I,].914
=
7554, BgllI JAOXI(TT) =
= . O] pCOL3AIK J
T 99306 bpS =
6712, Sphl ;
Kan HISY &

6389,Xh013
;\j Sall.3857

Ncol 4312



US 8,188,230 B2

Sheet 4 of 13

May 29, 2012

U.S. Patent

.m-<<khuu%<upuu<u+h<huuu<#uuu<uup+u<uuupu&u+uh;_ -.m
 E- 9OV LOVOILIVVLYOODLYIIILIDVVILIDOVOVOIVOVVVVIIL-, §

y €-111D1D1D12329VILLDDVOODDLYIDDLYILLOVODILDOVIIDLIVY -,
 E-OOVLOVOILOVVYLVIODLYIDDLDOVYILIDOVOVOVIOVYVYYIDL-,

"ol Ve

IIIIII:I'lll'IIIIIIIIIIIIIIIIIII!IIII‘.IIIEIII'IIIIII'IIII:"I'II

, £=-9.1232IV99VOOVIDVVYOVIOVIIOOVOIIDOID-, G : EAU-TVID
, €-9VILOVIIVIOD LVVYIIVIOVIOOOYOILIOID- . G : ZAU-TVID
, £~DVI9OVIILOOVYOOVIIOILINIOOVOILINID-,§ : TAU-TVID

 E-9LVOLVIDODIVIIILIOIVOVIIDLLD-,G : MA-TVID

G DIy



U.S. Patent May 29, 2012 Sheet 5 of 13 US 8,188,230 B2

WHIRHHTDI I
Ncol mmmmmsnnmnig

insert COLIAL-]

BamH!I

:‘0“ ' 'l,"
= pPICY
%

L 4 %



U.S. Patent May 29, 2012 Sheet 6 of 13 US 8,188,230 B2

Fig 7

BelIl 1

- —£& BamHI 938
::‘: Amp 540X1 =% Ncol 1217

il
i
-l

S Apal, 1941
| | Xhol, 2140
oril '[EcoRI, 2149
1Al-L R vavrlT 2153
pCOL1Al-] /Notl, 2161
O FAOXL(TT) E
R 8950 bps =
6548, Bglll =

3'A0X1 J

5706,Sphl’

4559,NCOI 8811,4104



US 8,188,230 B2

Sheet 70f 13

May 29, 2012

U.S. Patent

I1ddD IdDLT1ODHVYOA HOdSOAVONd DVADHAONDD dT1DOVVOHIOd WODT1DdVODS
DdVOdVYOLAD NVOUNDIVON NOUIOVIODdd DOADHIODAD HIOHVOSdOd VO TAOdADO]
DANOVIODADD VdOdT1D049d SHVIDDIAVHT DHVAOVIDAVO DVOVIODUNDV dOAVOHdOd
DHHIOWIHIODDID VIONdODdHADN ADVODHVYOdDdd DVIdOJIHOADD VdOddOINOA dOdSIdSOLT
ONVOLTIOVID dHOVIODISON d9VADdVYOHIT DSdONdOVAD AVOIIDHSDd DOHIDddOd |
DSADJIADHYD UHHODIADVIODd dDOADLYOdT ONVOLAONND dVOdIAODSNOA dOddO5d90d
DSdOUHYODdHD dVOVIDdVON VONVOJOOAV DdNOVIOVYVD VdOddOddOH ADOdJDISOHY
DOdOVIONVD AVOdA9ddOL dODLdOddOVY DAVOUNDHVYD VI1DddOdHOH d9d 1DHdONW0O

LvG
18P
¥4
LOL
LOE
lbe
1Bl
!

OdYONIOASH dIADNAOVAOYVY QOHVOATODSHd DHHDMNNDCGTD VIiDdT1OHVYOD dDddOHADdH 19

DAINOVIDAAD NADddOddOH dDONdDISODDdE Dda9ddD0H49D OdODAdVOIddOd 1DHdISdONd |

0L bi4

A1H3IVddODdT 10E
DSdODdADHYD UMODHADVdAdODd dDOADLVYOdE OINVOILAOIND dVOAdIDSNON dDddDSdO0d ve

DHSAOHVYOdAD dVOVIOIVON YVOIVOJOOAY DdNOVIDVVY VdOddODdIOH ADDIDIASHUY 181
DHOdOVIONVD AVODADddDL dD1dDddOVY HDAVOANOHVYD VI19ddHIHOH FDdTOHIOND 12l
DdYONIOdSD dIONDOVIOV AONVOATOSH DHHOINNWDCTD VIODdTOHYOD dDddOHIDDY |19
DANODVIADAAD NIDddDddDHH dONIDSHOdT DdIOddD0-AD DdDdVOIddDd 1OHIDSIONW |

g bi4



U.S. Patent May 29, 2012 Sheet 8 of 13 US 8,188,230 B2

Fig 9

Bgllil,l
= ——=_A BamH]I, 938
P E=4A  Ncol, 1217
Amp §AQXI =
S
ori Apal, 1941
1403,BglIl | pCOLIAL-2 - 14l
= 3A0X1 9805 bps
= JAOXI(TT) &
= Xhol, 2995
- _, = coRI, 3004
361,5phl \ Avrll 3010
ot], 3016

5414,Nc01r |
4939 Sall



U.S. Patent May 29, 2012 Sheet 9 of 13 US 8,188,230 B2

Ncol 1217
Pvull 1451

Apal, 1941

or}

8093,BglIl COLIAL3
= Al
= si0x1 © 1Al-3
= 10495 bps
Pvull 2882
1251,5phl 3A0X1 (TT)
6885, Pvull — Y Ncol 3674
. HISH 7| §Xhol, 3685
I~ - EcoRI, 3694
6104 Ncol —— Avrll 3700
5649 Sall Notl 3706

Pvull 3936



DN dO9ddOHIDSS DSdODONDdED SdDdT19d49H FOHOODJTOAA 182

DHOOVIDDAY d19dSHVADU VOISONIAODVd DddOddOAID dHOVADLIDYH dOMNIDDINOAL 1Sl
DddOddOVND SdOddOAHODY VOd401vVOdd DVYVOHAONdD dVOANDIdODd dOVdOVdOdd 199

OVAOIND LAY dIAINVOHOOAd VOdIdOVIOVd DddOHVIDHAD dVOHVOLdDd dOD5dOVIOMA 109

DdVOVdOddD IdOLTOHYOA HOdSOAVOId DVADHAINAD d19VVOHIDd WOOT1OdVODS 1S
DdVYDAdVYOLAD HVOANDLVON NOHADVADdd DOADHIODdED HADHVYOSdDd VO IAdDdAD0I 18Y
ODAINOVIODAAD VdOdT1DDADd SOVJDOADHI DHVAOVIOJVYD OVOVIODUANOV dOAVOddOd1 e

DHIOWYHOEID VIONdODdAON ADVOOHVYOddd DVAOJHOAOD VdOddOINOT 4945945011 19€
ONVODTIOVID dUODVIOASON dOVAIJdVOUHT DSdONdODVAD AVIAdADHSDd DOHIADdAdDd 1 10

DSAdHDdIADHYD UAHDFIDVADd dDOADLVOd DAVOLUOMNNGD dVOIdIADSNOA dDddODSdD0d 1
DSAOUHVYOIHAD dVOVIDAVYON YOUVOUOODAY DdNODVADVYD VdODddODdADH ADDLDASDHY 181

DOdOVAONVYD AVOJdIDddDL dOD1dDddOVV DAVOUANDUHYD VIiODddOdUODYH ADd TOHdIONO 121
DdVONTOdSY dIADNIOVAOY GONVOA 1DSHd DHHOMNDA 1D ViDd 19HVOD d9ddODdd9dy 19
DINOVIODAAD NIDddDddOH dONdDSDDdd DdIdDddDDAYD OdOdVOddDd TOHADSdONd |

ARIE

US 8,188,230 B2

Sheet 10 of 13

May 29, 2012

U.S. Patent



US 8,188,230 B2

Sheet 11 of 13

May 29, 2012

U.S. Patent

F'1ddD IdOLTIOHVYOA HOdSOAVONd DVADHAOMNDD d19VVYOHIODd WODTOdYODS
IdVOdVOLAD HVOUANODIVYON NOHOVIOdd DOADHIODdHD HIDHYOSHOd VO IADdADDT
DdAOVIODDdD VdOd19049d SHVIDDIADHTI HVIDOVIDIVD OVOVIADANDY dOAVDIdDd ]
OHIODWVIHOCEIAD VIONdDdIDN ADVOOHHYOdd DVAD4HOADD YVdDddOINOA dDdSHASHLN
OANVOd 1OVID dHOVIODDSON dOVAODdVOHT DOSAONdHOVAD AVOD4IDHSHd DOHIDAIDCT
95dOdIDUHVYO UMDIAIOVADd dODADLYDdI OAVOLADIND dVOJIADSNOM dDddOSdO0d

24°
|8F
¥A
8213
LOE
80

DSdOHVOdHD dVOVIODAVON YOMVYODJODAY DANDVIDVVYYD VdDddDdIADH ADDADISOHHY 181
O0dOVIOIVO AVOdIDddOL dDLdOddDVY DAVOANDHYD V19ddDHIHBH DI TIOHIDOND 121

OdVONIODdSOY dIONdOVOV GOMVOATOSA DHHOMNDGTO VIDdTIOHYOD dOddOHHIDIY 19

DINOVIODAAD NIDddDddDH dONIDSODDHdT DdIDddODDHD DIDAVOAdDd TOHIDSIONG L

gL b4




U.S. Patent May 29, 2012 Sheet 12 of 13 US 8.188.230 B2




US 8,188,230 B2

Sheet 13 0of 13

May 29, 2012

U.S. Patent

¢ -1P1 1109

8L bio

|- 1P1L 103
»

/L Bl

¢- 1Pl 109

gL bi4




US 8,188,230 B2

1

METHOD FOR RECOMBINANT
MICROORGANISM EXPRESSION AND
ISOLATION OF COLLAGEN-LIKE
POLYPEPTIDES

The present application 1s a divisional of U.S. application
Ser. No. 10/342,331, filed Jan. 15, 2003 now U.S. Pat. No.
8,084,579, which 1s a continuation of U.S. application Ser.
No. 09/617,842, filed Jul. 17, 2000 (abandoned), which 1s a
divisional of U.S. application Ser. No. 09/219,849, filed Dec.
23,1998 (now U.S. Pat. No. 6,150,081), which claims benefit
of NL 1007908, filed Dec. 24, 1997, the entire contents of
cach of which 1s hereby incorporated by reference 1n this
application.

SUMMARY OF THE INVENTION

The subject invention 1s directed at improved photographic
products and improved methods of production of said prod-
ucts. In particular the improvement 1s arrived at through use
of recombinant DNA technology 1in production of a compo-
nent of a photographic product. The component of interest 1s
collagen.

BACKGROUND OF THE INVENTION

The process of photographic product making 1s a complex
procedure about which a lot has been disclosed and patented.
In general terms the process to manufacture a photographic
product like a photographic paper or triacetate cellulose film
consists of coating several layers on top of either a laminated
paper or a transparent polymer support. These layers are
known as emulsion layers which can contain the radiation
sensitive silver halide crystals as the most essential compo-
nent or intermediate layers without these photosensitive com-
ponents. The subject invention 1s directed at improving the
photosensitive layer as such and improving the production
process of photographic layers.

There are several stages at which gelatin 1s used in the
process of film making. The function of the gelatin 1s different
in each stage and thus the required characteristics for each
stage are different and 1t 1s to be expected that collagen like
substances can be specifically tailored to suit each particular
application.

A lot of attention has been focussed on the process of
making silver halide emulsions for photographic applica-
tions. A lot of attention has been paid to the role of grain
morphology of silver halide crystals and aspects that 1ntlu-
ence the AgX nucleation process and the subsequent ripening
process. The most essential component 1n an emulsion layer
ol a photographic product consists of radiation sensitive sil-
ver bromide, silver chloride or silver bromochloride microc-
rystals optionally containing iodide which are commonly
referred to as silver halide grains. A peptizer 1s introduced
during the precipitation of the grains to avoid uncontrolled
coalescence which coalescence will otherwise exhibit a num-
ber of disadvantages 1.a. limit the formation of thin interme-
diate and high aspect ratio tabular grain emulsions which 1n
turn 1s disadvantageous 1n photography. Gelatin 1n numerous
forms has been used in photographic manufacturing pro-
cesses as peptizer. It 1s well known that the tabular grains with
high aspect ratio have several photographic advantages like
increased sharpness, improved spend granularity relation-
ships, increased blue and minus blue speed separation, more
rapid developability and higher silver covering power (Re-
search Disclosure Vol. 225 Jan. 1983, Item 22534; EP-A-

0.610.796). It has also been desired to produce tabular grains

10

15

20

25

30

35

40

45

50

55

60

65

2

not only with high aspect ratio but also with a narrow grain
s1ze distribution otherwise expressed as a desire for mono or
homodispersity.

To date the gelatin used 1n commercial processes has been
derived from animal sources 1in general simply by derival
from animal bone and hide. The disadvantages of this mate-
rial are the presence of impurities and the fact that the nature
of the composition 1s unclearly defined and thus not repro-
ducible. It 1s unclear what components are present and 1n
which amounts. In addition 1t 1s also unclear which compo-
nents actually are required for optimal activity. The reproduc-
ibility of the photographic manufacturing process 1s question-
able due to the lack of consistency of the gelatin composition
used at various stages of the photographic manufacturing
pProcess.

The disadvantages of gelatin 1n photographic applications
have been addressed 1n detail over the years and have been the
subject of various patent applications. Most of these docu-
ments have been directed at addressing processes of develop-
ing modified gelatins after the derival thereof from the animal
source to 1mtroduce particular improvements in characteris-
tics of the modified gelatins. In 1984 U.S. Pat. No. 4,439,520
describes a desirability for more than 50% a of the crystals to
have aspect ratios higher than 8 as this would increase blue
speed. In 1987 U.S. Pat. No. 4,713,320 mentions using gela-
tin with a methionine content below 30 micromoles per gram,
preferably less than 5 micromoles per gram to arrive at thin
trapezoidal, hexagonal and triangular tabular grains. A nor-
mal bone delved gelatin was used which had been oxidized in
order to achieve a level of methionine below 30 micromoles
per gram of gelatin. The lower methionine content 1s also
described i U.S. Pat. No. 4,914,014 1 1990 as offering a
wider range of pBr during precipitation conditions. Numer-
ous publications cover processes for reducing the methionine
content of gelatin. EP-558.410 published 1n 1993 describes
oxidizing reagent reaction of alkali1 hypochlorite or H,O, as
do articles 1n J. Photo. Sc1 40 230-230 (Nipp1), J. Photo. Sci
37,14-18 (AGFA) 011992 and J. Imag. Sc133,1 3-17 01 1989.
Even as early as 1939 oxidation was suggested as a manner to
remove 1mpurities.

There has also been a lot of research carried out on collagen
and collagen like proteins per se using recombinant nucleic
acid technology. The use of recombinant DNA technology 1n
combination with collagen and the application thereof 1n
photographic application has however been remarkably
absent. Most ol the documents published 1n the area of recom-
binant collagen have been directed at diagnostic applications
using PCR technology on genomic nucleic acid not even
requiring expression of the collagen encoding sequence. The
mere presence ol the sequence in the genome sulfices for
diagnosis 1n these mstances. Any such documents actually
mentioning expression ol collagen encoding sequences cer-
tainly have not required a high degree or expression. Alterna-
tively where expression 1s mentioned merely portions of the
encoding sequence are expressed rather than the complete
sequence. Often these partial sequences are used for eliciting
antibodies for which amounts of proteinaceous material
required are minimal. In addition once the antibodies are
obtained the sequences are not required further for pharma-
ceutical application. Therefore 1n these istances low expres-
sion 1s not a relevant issue. Also the expression of small
portions of the encoding sequence can be expected to elimi-
nate expression problems which are attributed to the high
degree of repetitivity of the encoding sequence.

Synthetic nucleic acid has been designed 1n an effort to
overcome expression problems associated with longer repeti-
tive sequences and also 1n an effort to design new types of
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protein 1.¢. synthetic protein. Such synthetic polypeptides are
however extremely expensive to produce. It 1s thus not fea-
sible to apply such 1n applications requiring large scale pro-
duction such as required in the field of photographic film
production.

Most applications of the prior art thus either do not require
the high degree of expression required for production on an
industrial scale or do notin fact provide the desired result. The
documents discussing these types of application have conse-
quently either not addressed or have not solved the problem of
obtaining high expression of native collagen sequences or
sequences of corresponding length and structure.

In general where the prior art has suggested expressing
native sequences or parts thereof general terms have been
used and referrals to handbooks for general transformation
protocols have been given without further detail. Any
examples provided have used L. coli or S. cerevisiae as pro-
ducing orgamism and degree of expression has been of minor
importance or has not been focussed on.

Where expression problems of collagen like protein have
been addressed this has occurred by using either modified £.
coli or higher animal cells and 1nsect cells. The latter are also
modified for post translational processing. The application of
the latter type of cells 1s however prohibitive for large scale
production due to the high costs of the cells, the media and the
1solation of product. The disadvantage of E. coli 1s that 1t
cannot secrete the desired product. In addition the repetitivity
ol a nucleic acid sequence to be expressed will provide 1nsta-
bility of the transformed bacterium and thus result in low
expression levels for any collagen like encoding sequence. It
1s thus not feasible to apply such production (micro)organ-
isms 1n applications requiring large scale production as
required 1n the field of photographic film production.

A lot of research eflort has been directed at achueving the
post transcription modification required to arrive at fibrillar or
triple helix collagen which 1s the state of collagen as present
in animal sources 1.¢. the state of collagen currently applied in
industrial scale photographic applications. It has been gener-
ally accepted that host cells comprising post translational
processing apparatus as such themselves or through addition
of encoding sequences for post translational processing
enzymes should be used when expressing collagen like mate-
rial i order to arrive at collagen with a triple helix and more
particularly to arrive at fibrillar collagen. It 1s commonly
accepted that this form of collagen is the useful form for
application.

Where the prior art has actually tentatively actually sug-
gested recombinant collagen could be used 1n photographic
applications the relevance of the particular form of collagen
material has usually not been addressed vis a vis the require-
ments specific for such application. Some patent applications
have mentioned 1n passing the use of recombinant collagen
for photographic film, some even specifically mention pho-
tographic application. The teachings of such documents are
clearly however directed at other 1ssues and are not directed
specifically at photographic applications and the special
requirements thereof. Closer analysis actually shows that for
various reasons none of the examples provided 1n such appli-
cations are 1n fact even suited for application 1n photographic
films. The patent applications are considered non enabling
and merely speculative of nature when i1t comes to applying
recombinant collagen in photographic manufacturing pro-
cesses. Examples of such documents are now provided.

W0O90/05177 describes the production of novel polymers
comprising small repeating sequences, specifically repeating
groups such as silk are disclosed. Collagen 1s suggested as
one of the structures capable of providing a repeating unit. It
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1s stated “The properties of CLP were designed so they would
undergo thermoreversible gelation at high temperatures as
well as being non immunogenic. The high stability of the
helices should create high tensile strength in fibres or mem-
branes formulated from CLP. These chain properties should
allow the creation of hydrogel colloids in aqueous solutions
which when applied to hard substrates should act as soft
coatings.” A suggestion 1s then given of a soit coating material
with a ligand for a cellular receptor. The sequence GLPGP-
KGDRGDAGPKGADGSP (SEQ ID NO:1) was to be added
to the CLP monomer and an example of a construct to be
expressed from E. coli 1s provided. With regard to this com-
position 1t 1s disclosed “The subject compositions may find
use as wound dressings, allowing for neovascularisation, eye
applications, matrices for artificial organs and the like.” The
combination of CLP with other repetitive functional units
thereby combining functions is also suggested. However no
examples are provided of sequences used.

The only examples provided show a recombinantly pro-
duced synthetic CLP polypeptide (SEQ ID NO:2) [[GAP

(GPP)3]2-|GPVGSP]n with N-terminal and C terminal spac-
ers. The spacers are 33 amino acids and 25 amino acids 1n
length. Thus the repetitive GPP portion of the polymer which
1s 24 amino acids 1n length 1s separated by 33+25+6 amino
acids. In this manner £ coli apparently managed to express a
CLP protein of 760 amino acids, 1.e. MW 63.800. The cell
binding CLP had the same basic structure but the hexamer
was replaced by the cell binding sequence given above result-
ing 1n an amino acid length of 814 amino acids and a MW of
70.560. The repetitive GXY motif that 1s expressed 1s short
and 1s separated by long none repetitive sequences. The
spacer DNA encodes 2 cysteine residues and also 3 methion-
ine residues.

The cited document states in the introductory part concern-
ing collagen “Chemically hydrolysed natural collagen can be
denatured and renatured by heating and cooling to produce
gelatin which 1s used 1n photographic and medical applica-
tions among other applications. The chain property of col-
lagen responsible for this phenomenon 1s its ability to spon-
taneously form interchain aggregates having a conformation
designated as a triple helix” It 1s thus particularly remarked 1n
this prior art document that helical structure was required.
The subsequent text 1s actually silent on any photographic
applications and 1s clearly directed at completely other mat-
ters. The subsequent text 1s also silent on actual degree of
expression obtained by E. coli. The repetitive structure 1s
present to such a low degree 1t 1s unlikely to retain suificient
collagen like activity to be useful in photographic application.
In addition the presence of cysteine and methionine residues
at the levels provided herein 1n the expression product 1n fact
render such mappropriate for use in AgX emulsions for pho-
tographic applications. Furthermore 1t 1s unclear whether the
use of the less repetitive sequences as described here actually
provided any improved level of expression in £. coli. Thus a
person skilled in the art of photographic applications would
be dissuaded from applying the teaching of this document in
photographic applications. Firstly because 1t 1s unclear
whether industrial scale production would be feasible. Con-
sidering instability of repetitive sequences this 1s unlikely.
Secondly 1t 1s unlikely due to the undesired presence of cys-
teine and methionine 1n AgX emulsions for photographic
applications. Thirdly this 1s unlikely due to the absence of
helical structure of the expression product. The impact
thereol 1s totally unpredictable vis a vis stability of expression
product and vis avis applicability in photography considering
the major structural difference of current gelatins.
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The same 1mventors as the preceding cited patent applica-
tion disclose 1n W(093/10154 high molecular weight collagen
like protein polymers having repetitive triads with reduced
proline content. They are stated as being capable of produc-
tion 1n unicellular microorganisms at high molecular weights
and at high efliciency. They indicate ““The uniqueness of
collagen repetitive tripeptide 1s a challenge for recombinant
technology 1n light of the high repetitiveness of the sequence
and the frequent utility of the amino acids glycine and proline
in the composition. Genes encoding proteins with high levels
of glycine and proline are by necessity composed of high
levels of the nucleotides guanidine and cytidine in self
complementary sequences. Thus as one synthesizes the gene
there 1s substantial opportunity for strands to loop out, single
stranded DNA to be excised, recombination events to occur
which can result in loss of segments of the gene and inefficient
transcription and/or translation. Thus there i1s substantial
interest 1 developing techniques and compositions which
provide the advantageous properties of collagen while at the
same time allowing for stable expression of high molecular
weilght collagen like proteins.” In addition 1t 1s stated. ““The
polymers will further be characterised 1n, being like collagen,
providing helices, capable of denaturation and renaturation,
forming gels etc.” A molecular weight between 30-150 kD 1s
suggested and at least 45 number % of the amino acids
between the glycines are proline, at least 80 weight % of triads
have glycine as first amino acid, at least 40% by number of the
triads comprise at least one proline. The example shows use
of 3 types of repetitive GXO encoding sequences and N
terminal and C terminal spacer sequences. The same spacer
sequences as in the previous patent application were used.

The structure of the repetitive sequences was (SEQ ID NO:3)
[[GAHGPAGPK]2(GAPGPAGPP)24(GAHGPAGPK)2]2=

[[C]2[A]24[C]2]2. The length of the polypeptide produced
was 561 amino acids with a MW 01 46.409 Dalton. In another
example the repetitive sequence was (SEQ 1D NO:4) [[ GAH-
GPAGPK]2(GAPGPAGPP)12(GAHGPAGPK)2]5=[[C]2
[A]12[C]2]5. The length of the polypeptide produced was
777 amino acids with a MW of 64.094 Dalton, with an
observed protein band at 100 kD. In the third example the
structure was (SEQ ID NO:5) [[GAHGPAGPK]2(GAPG-
PAGPPGSRDPGPP)12(GAHGPAGPK)2]4=[[C]2[AB]12
[C]2]4. The example had 1065 amino acids and MW 91,966
with a protein band visual at 135 kD). Apparently smaller
versions were also produced with protein band weights of 28
kD, 64 and 98 kD). With regard to expression the only details
provided are that detection by western blot with antisera was
carried out and that the expression of the full length polymer
decreased with gene size, whilst the synthesis of full length
mRINA was at equivalent levels. Another group of polymers
with two other different repetitive units were produced [[C]
2[DB]12[C]2]4, (SEQID NO:6) [[C]2[DB]6[C]2]4 (SEQ ID
NO:7)and [[C]2[D]24[C]2]4 (SEQ ID NO:8), wherein B and
C are as above and D=GAQGPAGPG (SEQ ID NO:9).
Respectively these 3 proteins illustrated had 1065 amino
acids and MW 91,533 D, 633 amino acids and MW 55,228 D,
1065 amino acids and MW 85,386 D with a protein band
visual at 140 kD. Of the examples the only information con-
cerning characteristics of the product are provided for num-
ber 6. This product 1s extremely soluble 1n water. At room
temperature or above solutions thereof of more than 8% in
water are viscous but they are fluid and form to a solid gel
upon chilling to 0° C. Upon heating above 28° C. the gel
forms a thick solution. A thermoreversible transition between

liquid and gel 1s thus 1llustrated. The final example concerned
a structure (GAPSQGAPGLQ)68 (SEQ 1D NO:10) also with

the same spacers and 1077 amino acids and a MW 91.266 D.
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With regard to application of such polypeptide nothing more
1s stated than in the previously cited application of these
inventors. Apparently by varying the block copolymer struc-
ture of the repetitive GXO motif 1t has become possible for
expression of longer repetitive sequences to occur. How effi-
cient such protein 1s expressed 1s however not clear. Yet again
the expression problem due to repetitivity 1s not illustrated as
being solved. It 1s questionable industrial scale expression
could be achieved. No teaching specifically concerning pho-
tographic applications 1s provided. In particular all examples
use spacer with cysteine and methionine which 1s undesirable
in photographic applications. Thus a person skilled 1n the art
of photographic applications would be dissuaded from apply-
ing the teaching of this document 1n photographic applica-
tions.

French patent 2685347 discusses the desirability of pro-
ducing recombinant material similar in properties to gelatin.
The advantage would be a more homogenous product solving
reproducibility problems and the chance to modify chemical
functions thereof. The 1dea 1s to produce oligopeptides as
gelatin substitutes. The microorganism selected was E. coli
and 1t 1s stated the absence of post translation modifications
such as glycolisation common to coli 1s no problem. Other
hosts are said to be possible. No examples are however given
of such possible hosts. The nucleic acid sequence to be
applied must comprise a gelatin peptide encoding sequence
for (Gly-X-Y)n linked to Met-Cys-His-His-His-Leu-Met
(SEQ ID NO:11) codons 1n order for selection to occur. The
sequence given by way of example encodes (SEQ ID NO:12)
Gly-Pro-Ala-Gly-Glu-Arg-Gly-Pro-Lys-Gly-Trp-Met. In a
later thesis by the inventor 1t became apparent that the degree
of expression was 1n fact found to be mnadequate for any kind
of idustrial application. In addition the retrieval process of
the produced amino acid was complicated. £ coli was the host
cell described and obviously presented as a matter of fact the
disadvantages already presented above for a person skilled 1n
the art interested 1n 1ndustrial scale production 1.e. lack of
secretion, mstability of repetitive sequences and thus a low
degree of expression. Finally nothing was actually 1llustrated
concerning application of the suggested collagen 1n a photo-
graphic film 1n this prior art document. Thus a person skilled
in the art of photographic applications would be dissuaded
from applying the teaching of this document 1n photographic
applications due to unpredictable outcome of such structur-
ally different material.

Finallya U.S. Pat. No. 5,580,712 1ssued to Eastman-Kodak
in 1996 concerned with specifically modified collagen like
polypeptides and application thereol for photographic pur-
poses describes that collagen like peptizers with silver bind-
ing strengths below 50 mV can lead to a high degree of thin
tabular grain. The document 1llustrates this for a number of
synthetically produced polypeptides with a length of 25
amino acids. The document also mentions one polypeptide
with a collagen like structure was produced using recombi-
nant technology. The recombinant polypeptide 1s a synthetic
polypeptide of block copolymer structure consisting of
merely 4 different amino acids. No actual expression details
are provided for this recombinant polypeptide, a reference 1s
merely made to standard molecular biology production pro-
tocols and the use of Saccharomyces cerevisiae as expression
host. The molecular weight 1s approximately 26 kDa. It thus
1s questionable whether a molecular biologist familiar with
the expression problems provided in detail in other docu-
ments of the same date and later would seriously contemplate
such production. In addition no details concerming binding
strength of the recombinantly produced product are provided
thus 1t 1s also questionable whether a person skilled 1n the art
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of photographic applications would seriously consider use of
this product 1n a silver halide emulsion for photographic

product or would seriously expect it to exhibit the character-
1stics of the short synthetic polypeptides disclosed. The docu-
ment also suggests that the specific polypeptides disclosed
comprising histidine and methionine at specific points
namely at Xaa of the following formula will exhibit high
binding strengths and will exhibit non tabular grain forma-
tion. The formula of the compound 1s (SEQ ID NO:13) Gly
Pro Xaal Gly Leu Xaa2 Gly Pro Arg Gly Pro Pro Gly Ala Ser
Gly Ala Pro Gly Phe Gln Gly. Analysis of the Table providing
details of the compounds researched by Fastman-Kodak
reveals that all compounds with high binding strengths had at
least one reducing amino acid (=histidine or methionine) per
25 amino acids thus resulting 1n contents higher than 400
micromoles of methionine per gram of polypeptide. Such
compounds will not be usetul in nucleation/growth AgX-
emulsion processes for photographic applications. The syn-
thetic compounds illustrated as having low binding strength
and favouring tabular grain formation did not comprise any
reducing amino acids Met or His. A number of other US
patents are 1ssued to Eastman-Kodak on related subject mat-
ter. These patents (U.S. Pat. No. 5,580,712 and U.S. Pat. No.
5,670,616) revealed other synthetic fragments purported to be
uselul for tabular grain formation but the same single recom-
binant product example 1s described so these patents offer
nothing new vis a vis recombinant collagen expression and
application of recombinant collagen 1n photographic applica-
tions with AgE-emulsions. It 1s also derivable from these
descriptions of Eastman-Kodak that expression of the specific
sequence shown which occurred in the host S. cerevisiae was
in fact very low. Using 20 litres of culture merely ca 600 mgr
of product could be 1solated. No attention 1s paid to this aspect
in the descriptions however. In fact the information derivable
from these descriptions would dissuade the skilled person
from using this system for producing collagen. As addressed
already above this low degree of expression could be due to
the repetitivity of the sequence to be transcribed/translated
and/or the presence of protease. In particular due to the open
structure of non helical collagen any non helical collagen
expression product 1s likely to be extremely susceptible to
protease attack.

DESCRIPTION OF THE INVENTION

The subject mvention 1s directed at use of recombinant
DNA technology thus now finally enabling production of
large amounts of substantially pure collagen material over-
coming the above mentioned difficulties. For the first time a
recombinant collagen production process has been executed
providing high level of expression without requiring expen-
stve media, expression hosts or non secreting expression
hosts. In addition 1t has now become possible to produce
collagen selected and/or adapted for optimal use i each
particular stage of the production process of the photographic
product where gelatin has to date been applied. Thereby ren-
dering even further improvement possible. Also an improved
AgX emulsion production process 1s now possible leading to
a reduction in production costs.

The subject inventors were interested in obtaining a more
uniform photographic AgX-emulsion material and decided to
ivestigate the possibility of producing collagen comparable
to that of collagen dertved from animal sources currently used
in the industrial photographic paper and film making process.
They expected that the use of recombinantly produced col-
lagen could lead to improvements 1n the silver halide emul-
s1on production due to the more uniform nature vis a vis the
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natural source which comprises a large number of contami-
nants and a mixture of collagen types of non defined and
variable nature with collagen type I as major component. The
idea was to use a substance coming close to the natural col-
lagen rather than use of newly designed collagen like
polypeptides with highly respective block copolymer struc-
ture. The hope was that expression problems for a sequence
corresponding to the native sequence would be smaller than
those encountered 1n the synthetically designed collagen like
polypeptide sequences as described 1n detail 1n the prior art.
This could be hoped for on the basis of a lower repetitivity of
the sequence to be expressed. On the other hand use of a more
random sequence could also lead to more susceptibility to
attack by various proteases.

However differently to the native situation for collagen we
decided to abandon attempts to produce helix like structures
using the recombinant technology. In light of page 1 of
WQ0O93,07889 which states “Unless an appropriate number of
y-position prolyl residues are hydroxylated to 4-hydroxypro-
line by prolyl 4 hydroxylase the newly synthesized chains
cannot fold into a triple helical conformation at 37° C. If the
hydroxylation does not occur the polypeptides remain non
helical, are poorly secreted by the cells and cannot self
assemble 1nto collagen fibrils™ it could have been expected
problems would arise upon applying secretory cells to ensure
secretion. Also the potential for protease attack would be
markedly higher due to the resulting open non folded struc-
ture. Thus 1t 1s surprising that our recombinant sequences
result in expression products that are quite readily secreted by
the expression host and 1n high amounts. Also the production
of recombinant collagen under such conditions that the
recombinant collagen compound cannot form the fibrillar
structure or the triple helix structure characteristic for the
native collagen that 1s currently used 1n photographic appli-
cations could also have had a questionable etfect on the pho-
tographic application itself. In view of this difference with the
current commercial product it was of course also question-
able whether the resulting recombinant compound would be
as suitable for photographic application as the helix compris-
ing compound currently 1n use.

The results after a lot of hard work 1n cloning a genomic
sequence for collagen types I and II1. overcoming expression
problems 1n order to produce sufficient amounts to start test-
ing 1t 1n photographic applications were however 1n spite of
all possible setbacks unexpectedly good. Firstly the rate of
expression was unexpectedly high 1t was higher than 0.95
grammes/liter and was 1n fact higher than 3 grammes/liter
overall. This 1s in marked contrast to the prior art where any
attempts to express collagen or collagenlike material failed to
produce more than milligrammes per litre 1t any. Thus this
amazingly high rate of expression was considered totally
unexpected firstly 1n view of all problems described 1n the
prior art. The rate of expression however even actually out-
numbered production rates achieved with expression host
Pichia pastoris for other proteins. Quite specifically even
those proteins that were not expected to be as difficult to
produce 1 high amounts like collagen. At long last it now
seems feasible a form of recombinant collagen could be pro-
duced 1n an economically interesting amount with an eco-
nomically interesting expression host. Other high expressing
hosts are to be found among microorganisms of the fungal
type. In particular high expression yeasts and most specifi-
cally protease negative strains with low proteolytic activity
are preferred. Yeasts that can be suitably used are quite spe-
cifically methylotrophic yeasts. A particularly suitable
example 1s the yeast Pichia pastoris. On the basis of the
criteria established as being relevant for expression of col-
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lagen a suitable host cell capable of expression to a degree
high enough and under economically feasible conditions can
be found and used.

The fact that large scale production was finally made possible
by the subject inventors finally also enabled actual tests 1n the
photographic application field to be carried out. Tests for
photographic application were only made possible after sui-
ficient recombinant collagen had been produced 1n relatively
large amounts, which 1s in contrast to the small amounts
required 1n the pharmaceutical applications described in
detail in the prior art. After carrying out these tests directed at
photographic application 1t was discovered tabular grain for-
mation was high (see Table II). For the first time the applica-
tion of substantially pure collagen type III was applied 1in a
photographic emulsion as peptizer. The results were out-
standing. Quite unexpectedly however we found a degree of
tabular grain formation higher than 80%. This even outdid the
Eastman-Kodak polypeptide performances of polypeptides
with low birding strengths and this was considered most
surprising in view of the fact that a binding strength of 69.5
mV was found for this product and thus in line with the
Eastman-Kodak teaching non tabular grain formation was to
have been expected. Thus the theory postulated by Eastman-
Kodak concerning the requirement of the binding strength
being below 50 mV to get 80% tabular grain formation 1s
overturned. Thus the pathway was opened to develop numer-
ous peptizers with silver binding strengths higher than those
stated 1n the prior art as being suitable for application 1n silver
halide emulsions requiring tabular grains at a level of more
than 80%. The pathway was also opened to apply other types
of collagen than type III as major collagen component of
peptizer in photographic emulsions. Considering the degree
of homology between the various native collagens 1s 40-50%,
one can expect good results also from slightly manipulated
native sequences. An amino acid sequence exhibiting more
than 50% homology with a native collagen amino acid
sequence can be expected to provide good results. Mutations
of native sequences can comprise insertions, deletions and
substitutions vis a vis the native sequence. Besides, use can be
made of synthetic DNA sequences with a certain degree of
homology with nattve DNA sequences. The sequences usetul
according to the invention must however maintain a mini-
mum degree of variability 1n order to prevent expression
problems of their encoding nucleic acid sequences. Thus the
mutations should always result 1n an amino acid sequence
with more than 4 different amino acids. The GXY motif
should not be 1n the form of a block copolymer and should not
comprise spacer sequences between a number of GXY
motifs. Preferably more than 8, even more than 9 different
amino acids should be present. In the example a protein with
as many as 19 different amino acids 1s used. There are only 20
amino acids that occur naturally. Suitably between 10-20
amino acids or 10-19 amino acids can be used (preferably
however cysteine 1s avoided).

The invention thus comprises a tabular silver halide emul-
s1on wherein the tabular grains account for more than 75% of
the total grain projected area said emulsion comprising silver
halide grains nucleated in the presence of nucleation peptizer
and thereafter grown in the presence of growth peptizer,
wherein at least one peptizer 1s substantially pure collagen
like matenial prepared by genetic engineering, said peptizer
having an amino acid sequence comprising more than 4 dif-
ferent amino acids. Such an emulsion can suitably comprise a
peptizer with an amino acid sequence which exhibits more
than 50% homology with native collagen, preferably more
than 60% Suitably the peptizer will have a size of at least 10
kDa. Sizes between 20-80 kDa are useful 1n photographic
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application as 1s apparent from the examples. Peptizers of ca
600 amino acids are illustrated.

The emulsion can comprise peptizer having an amino acid
sequence equivalent to that occurring in nature for collagen,
wherein equivalent implies amino acid i1dentity of at least
80%, preferably at least 90%, the same as occurs 1n nature.
The emulsion can comprise a peptizer with an amino acid
sequence substantially the same as occurs 1n nature, wherein
substantially implies mutation of less than 5 amino acids,
preferably less than 3. Suitable types of collagen are I, II and
III. A preference exists for sequences close to the native
sequence 1n order to assure activity and avoid expression
problems. The DNA encoding for the peptizer amino acid
sequence can be native or synthetic. A collagen type 111 amino
acid sequence according to the invention suitably comprises
or has the sequence of FIG. 3. A collagen type I amino acid
sequence according to the mvention comprises or has the
sequence of FI1G. 8,10 or 12. Collagen type 111 has the amino
acid sequence defined in reference 5 of example 1 and 1s
incorporated by reference.

An emulsion according to the invention wherein the pep-
tizer 1s present 1n substantially pure form means that the
peptizer 1s substantially free of nucleic acid, polysaccharides
and other protein. The examples 1llustrate that this 1s indeed
teasible. The presence of sugars and nucleic acid in even trace
amounts could have some eflfects on crystal formation and 1t
was 1ndeed to be questioned whether sufficiently pure recom-
binant material for the specific photographic application
could be produced.

It 1s advantageous when using Pichia pastoris as expres-
s10n host to use a nucleic acid sequence encoding an amino
acid sequence Iree of the sequence MGPR (SEQ ID NO:14)
even though it 1s present 1n the native sequence of collagen
type I because we have unexpectedly found this sequenceis a
new recognition sequence ol a protease present in Pichia
pastoris to which some collagen types are susceptible. It 1s
postulated the protease 1s a Kex-2 like protease and that a
Kex-2 like protease negative host strain will be a suitable host
cell. In general terms when using Pichia pastoris as host cell
it could be advantageous to use a nucleic acid sequence
encoding collagen of which the corresponding amino acid
sequence 1s free of [Leu-Ile-Val-Met]-Xaa-Yaa-Arg (SEQ ID
NO:15) wherein Xaa and Yaa correspond to Gly and Pro or
other amino acids and at least one of the amino acids between
the brackets 1s amended. As the open structure of non helical
collagen 1s susceptible to proteolysis the host should be
selected and/or the sequence to be expressed 1s preferably
mutated or selected such that proteolysis for the specific
combination of host and sequence to be expressed 1s mini-
mised. There are numerous options open to the skilled person
to realise this on the basis of common general knowledge and
the subject disclosure including the content of the cited ret-
erences.

Another way to increase the expression could lie 1n optimised
codon usage for the host cell 1n which the sequence 1s 1ntro-
duced for expression. The use of multicopy transformants 1s
also a way 1n which increased expression can be achieved. It
1s suggested 1n the art for Saccharomyces cerevisiae expres-
s10n of bovine pancreatic trypsin inhibitor that the maximum
level of protein secretion 1s ultimately determined by the
protein folding capacity of the endoplasmic reticulum.
Exceeding this capacity by the use of multicopy transior-
mants 1s thought to result 1n the accumulation of unfolded
proteins 1n the endoplasmic reticulum and a concomitant vast
decrease 1n the level of expression due to physiological insta-
bility. This 1s described by Parekh et al in 1995 (Protein Expr.
Purif. 6, 537-5435) and by Parekh and Wittrup 1n 1997 (Bio-




US 8,188,230 B2

11

technol. Prog. 13, 117-122. It 1s feasible that this negative
aspect 1s negated 1n the case of our recombinant collagen
being expressed as an uniolded molecule and/or that this
phenomenon 1s less relevant 1 other expression hosts in
particular other yeast hosts. In yeast hosts and 1n bacterial
hosts prolylhydroxylating mechanisms are absent and as such
expression of collagen 1n such hosts will lead to unfolded
collagen. If collagen 1s unfolded 1t will not drain the folding
capacity of the endoplasmic reticulum. Also due to outstand-
ing solubility unfolded unhydroxylated collagen will most
likely not aggregate and accumulate 1n the endoplasmic
reticulum. In order to eliminate the risk of such folding
becoming relevant to degree of expression 1t 1s thus pretferred
the collagen 1s not hydroxylated or 1s at least hydroxylated to
as low a degree as possible.

It has recently bean shown that it 1s possible to achieve
hydroxylation 1n yeast cells such as Saccharomyces cerevi-
siae and Pichia pastoris by coexpression of heterologous
prolyl-4-hydroxylase. This 1s described by Vuorela et al in
1997 (EMBO 1. 16, 6702-6712) and by Vaughan et al in 1998
(DNA cell Biol. 17, 511-518). As the gelling temperature of
gelatin will depend on the degree of hydroxylation it could
now be possible to vary the deem of hydroxylation 1n a man-
ner that will result 1n an expression product with a different
gelling temperature. This could be of particular interest 1n
processes with specific temperature requirements that previ-
ously prohibited economical use of collagen e.g. 1n processes
requiring temperature above room temperature to prevent
undesirable gelling.

The peptizer does not have to be identical to the native
sequence 1t can be a fragment of defined length and compo-
sition dertved from a native collagen encoding sequence, said
fragment comprising the GXY motif characteristic of col-
lagen, said length being such that the fragment weight on
amino acid basis 1s at least 2.5 kDa. Suitably weights can be
between 2.5 and 100 kDa. Fragments of various sizes are
suitable. 5-50 kDa even 20-50 kDa are suitable embodiments
to be applied. The peptizer can be made de novo from a
synthetic nucleic acid sequence.

Various ways of ensuring absence of helix structure are
available. For instance ensure the peptizer 1s free of hydrox-
yproline and/or free of procollagen and telopeptides. Preter-
ably for photographic applications the peptizer should be free
of cysteine. An AgX emulsion according to the mvention,
wherein the peptizer 1s not deaminated 1s an interesting fur-
ther embodiment of the mvention as 1s a peptizer with an
1soelectric point of 7-10.

Further research was carried out to ascertain what else
could be discovered to define what other parameters could be
used to enhance the results. In order to do this we analysed a
number of modified collagens 1.e. non recombinantly pro-
duced collagens with our recombinant collagens 1n tests to
determine relevant parameters. We subsequently defined
various categories of compounds as suitable for producing
silver halide emulsions with the required degree of tabular
grain formation.

An emulsion according to the invention in any of the other
embodiments already mentioned with the peptizer further
comprising oxidated reducing amino acids 1.¢. to a degree that
reducing amino acids are present at a level equivalent to a
reducing strength of between 0.1-200 micromoles of
methionine per gram of said peptize 1s a suitable embodiment.
Preferably less than 160 more preferably less than 120 micro-
moles of methionine per gram of said peptizer i1s present. A
lower level of reducing power 1s preferred so preferred emul-
s1ons according to the ivention will comprise peptizer com-
prising oxidated reducing amino acids to a degree that reduc-
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ing amino acids are present at a level equivalent to a reducing
strength of between 0, 1-80 micromoles of methionine per
gram o1 said peptizer. Quite high levels of oxidated reducing
amino acids to a degree that reducing amino acids are present
at a level equivalent to a reducing strength of between 30-80
micromoles of methionine per gram of said peptizer are also
able to provide adequate results. This 1s quite surprising con-
sidering the previous teachings concerning requirements for
low values of reducing power for tabular grain formation of
numerous prior art publications. The mvention also covers
such modified collagen with lower levels of methionine than
80 umoles e¢.g. modified type 1. The modification e.g. to the
type I collagen does not necessarily have to be by oxidation
but can also be the result of mutation of the encoding
sequence such that reducing amino acids are replaced to the
required degree by non reducing amino acids. This means a
chemical treatment step of the collagen prior to use 1n silver
halide emulsion can be omitted with the concomitant advan-
tages 1n time and cost to the production process. Obviously
one can apply a native collagen which does not have more
than 80 umoles of reducing amino acid e.g. collagen type I1I.

Additionally we discovered contradictory to the teaching
of Eastman-Kodak mentioned earlier and published 1n 1996
that an emulsion according to the invention 1n any of the other
embodiments mentioned, comprising a peptizer with a bind-
ing strength for silver higher than 50 mV can function exceed-
ingly well as an emulsion having a high level of tabular grain
formation. A suitable peptizer will have a binding strength for
silver below 100 mV. Contrary to the prior art teaching the
peptizer can have a binding strength for silver between
50-100 mV and provide an emulsion with excellent tabular
grain percentage.

The silver halide emulsion resulting from application of
such collagen like material will suitably exhibit more than
80% tabular rains, preferably more than 90%. Most preferred
1s a tabular grain percentage higher than 95%. The grains will
exhibit an average aspectratio higher than 5 when determined
using the single jet method under the reaction conditions
described 1n the example. Note these reaction conditions are
not the optimised reaction conditions used in actual photo-
graphic emulsion processes for obtaining the highest aspect
ratios but merely provide an indication of whether the mate-
rial 1s suitable to achieve high aspect ratios when such opti-
mised conditions are applied. The compounds according to
the mnvention upon application of optimised conditions cur-
rently used on normal collagen e.g. using the double jet
method and an additional ripening process are expected to
exhibit much higher aspect ratios. The applied test 1s merely
a quick indicator of high aspect ratio forming capacity and the
person skilled in the art will realise what measures can be
taken to enhance the result further.

In our test the ripeming process 1s carried out without any
turther addition of peptizer or extra silver. Obviously 1n a
process according to the mvention the ripening step could
comprise such further addition. The peptizer can be the same
maternal for both nucleation and ripening stage. An additional
addition 1n the npening, stage could be advantageous due to
increased steric stability at this stage.

A preferred AgX emulsion according to the invention com-
prises a peptizer that 1s stable vis a vis silver halide tabular
grain formation at a pH between 4-8. Conventional gelatin
derived from lime bone and hydrolysed gelatin do not exhibat
such good tabular grain formation results at pH higher than
5.5. The peptizers according to the mmvention e.g. native
recombinant collagen III do exhibit such characteristic thus
making the requirement for strict pH control during emulsion
production storage and application redundant. The native
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recombinant collagen can also undergo oxidation of methion-
ine to exhibit improved behavior. Suitably the methionine
level will be less than 80 micromoles per gramme. An emul-
s10n according to the invention can thus have a nucleation and
growth pH between 4-3 without negatively affecting tabular
grain formation. In the process of emulsion production a
variation i pH will not negatively effect the outcome upon
turther processing of the resulting emulsion for photographic
clement production.

An emulsion according to the ivention offers the advan-
tage over conventional collagen comprising silver halide
emulsions that the peptizer 1s of a homo disperse nature. The
crystallisation process by virtue of this fact 1s also more
homogeneous with all the advantages mentioned above. It 1s
possible to add at various stages of the nucleation and growth
of the silver halide crystals a further homogenous peptizer
also clearly defined and substantially pure thus combining
price effectiveness and controlling crystallisation properties
in a regulated manner previously not possible with a collagen
like peptizer. As there are many types of collagen naturally
these can also be applied 1 photographic silver halide emul-
s1ons according to the invention.

There are 23 collagen genes that have been di covered so
far. Most of these have been sequenced 1n part or as a w %
hole. The databanks comprise the various sequences there-
tore. Genbank for example has the coli sequence under acces-
sion number Genbank U08020 and the collll sequence 1s
given 1n reference 5 of example 1. These native collagen
genes exhibit homologies when compared amoung them-
selves of 40-50%. The relevant information of the cited rei-
erences with regard to sequence data 1s hereby incorporated
byreference seealsoe.g. W0O935/31473 page 5. Application of
any ol these native sequences as such or modified, obtained
by 1solation from a natural source or by chemical synthesis, in
order to produce a collagen like compound as defined above
according to the invention, said compound subsequently
being used 1n a silver halide emulsion for photographic appli-
cation 1s covered by the subject invention. Suitably the
sequences are applied 1.e. sequences encoding polypeptides
with the natural amino acid sequences or similar to the natural
amino acid sequences as long as the encoded polypeptide falls
within the parameters disclosed above. The type I has been
the type mostly applied in silver halide emulsions as the
source for silver halide emulsion gelatin was animal bones of
which type 1 collagen 1s the most predominantly present
collagen type. Now it has become possible to also test and
apply other collagen types for suitability in silver halide
emulsions. The other collagen types have not been applied as
such in the prior art 1n photographic applications and cer-
tainly not as such in silver halide emulsions. Naturally a
number of them have been present in animal tissue that has
been used to date. Now 1t has become possible to see whether
these collagen types can 1n fact be responsible for or contrib-
ute to even more favorable properties to photographic prod-
ucts previously unrecognised. A photographic sensitive
emulsion comprising recombinant collagen like polypeptide
other than type I as collagen like component 1s also consid-
ered to form a suitable embodiment of the invention as long as
the specific requirements set out above are fulfilled. Specifi-
cally application 1n a silver halide emulsion 1s covered. In the
case oz silver halide emulsions a 100% uniform source of
collagen 1s expected to provide maximum homo dispersity of
crystal formation. The requirement of homodispersity and the
value thereof have been addressed elsewhere 1n this descrip-
tion of the ivention. It 1s not necessary for the peptizer to
comprise the full length collagen it can comprise a fragment
thereol. Suitably such fragment 1s however at least 2.5 kDa,
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preferably more than 10 kDa 1n length to ensure sufficient
randomness of expression whilst maintaining collagen
aspects required for the peptizer.

Besides the emulsions described above the invention 1s also
concerned with a process for preparing tabular silver halide
emulsion wherein the tabular grains account for more than
715% of the total grain projected area said process comprising
nucleation of silver halide grains in the presence ol nucleation
peptizer and thereafter growing said silver halide grains 1n the
presence ol growth peptizer, wheremn both peptizers are
present 1n a defined amount and at least one peptizer 1s col-
lagen like matenial prepared by genetic engineering, said
peptize having an amino acid sequence comprising more than
4 different amino acids. Such a process according to the
invention can comprise addition of the peptizer in the nucle-
ation step and or during the grain growing step, said peptizer
can be selected from any of the embodiments disclosed above
or in the claims. In a special embodiment the process com-
prises addition of the peptizer both in the nucleation step and
during the grain growing step. The peptizer to be used when
both steps are taken can be the same or different depending on
the circumstances of the case.

After preparing a AgX emulsion according to the invention
the AgX emulsion can undergo the standard procedures for
preparing a photographic element. The emulsion can be
applied 1n a manner known per se for achieving a silver halide
emulsion layer on photographic material wherein the silver
halide crystals of said layer have an aspect ratio of 5 or more.
Said photographic element 1s suitably a material sensitive to
light, laser or x-ray radiation, said element being selected
from black and white reversal film, black and white negative
f1lm, colour negative film, colour reversal film, film 1n which
the sensitive photographic components are digitally scanned,
black and white reversal paper, black and white paper, colour
paper, reversal colour paper, paper in which the sensitive
photographic components are sensitized by laser radiation
out of a digital database. A photographic element obtained
according to such a process 1s also covered by the invention as
well as an element using the direct positive process with
internal sensitised silver halide emulsion and elements using
heat development.

Another aspect of the invention lies 1n a process of produc-
ing recombinant collagen like polypeptide comprising
expression of a collagen like polypeptide encoding nucleic
acid sequence by a microorganism to a degree exceeding 0.95
grammes/liter, said recombinant collagen being free of helix
structure. Preferably the expression occurs in a microorgan-
ism other than . coli or Saccharomyces cerevisiae 1n order to
ensure high expression and preferably secretion. The process
can suitably be carried out with a fungal cell preferably a
yeast cell. Suitably the host cell 1s selected from the group
consisting of high expression host cells like Hansenula, Tvi-
choderma, Aspergillus and Pichia. Fungal and particularly
yeast cells are preferred to bacteria as they are less susceptible
to bad expression of repetitive sequences. Most preferably the
host will not have a high level of proteases that attack the
collagen structure expressed. In this respect Pichia offers an
example of a very suitable expression system. Preferably the
microorganism 1s iree of active post translational processing
mechanism for processing collagen like sequences to fibrils
thereby ensuring absence of helix structure 1n the expression
product. Also such a process can occur when the microorgan-
1sm 1s Iree of active post translational processing mechanism
for processing collagen like sequences to triple helices and/or
when the nucleic acid sequence to be expressed 1s free of
procollagen and telopeptide encoding sequences. The host to
be used doe not require the presence of a gene for expression
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of prolyl-4-hydroxylase the enzyme required for collagen
triple helix assembly contrary to previous suggestions in the
art concerning collagen production. The selection of a suit-
able host cell from known industrial enzyme producing fun-
gal host cells specifically yeast cells on the basis of the
required parameters described herein rendering the host cell
suitable for expression of recombinant collagen according to
the invention suitable for photographic applications in com-
bination with knowledge regarding the host cells and the
sequence to be expressed will be possible by a person skilled
in the art.

To ensure production of a non cleaved sequence a process
according to the invention for producing recombinant col-
lagen like material comprises use of a nucleic acid sequence
encoding recombinant collagen amino acid sequence sub-
stantially iree of protease cleavage sites of protease active 1n
the expression host cell. In the case of Pichia pastoris for
example and possibly also for other host cells a nucleic acid
sequence encoding collagen of which the corresponding

amino acid sequence 1s iree of [Leu-Ile-Val-Met]-Xaa-Yaa-
Arg (SEQ ID NO:135) wherein Xaa and Yaa correspond to Gly

and Pro or other amino acids and at least one of the amino
acids between the brackets 1s amended could be preferred. A
preferred process according to the invention comprises use of
the microorganism Pichia pastoris as expression host.

The process suitably provides expression leading to pep-
tide harvest exceeding 3 grammes/liter. The process can suit-
ably be carried out with any of the recombinant collagen like
peptizers defined above for the emulsion according to the
invention. As 1s apparent from the examples under the cir-
cumstances described therein multicopy transformants pro-
vide more than 14 grams of gelatin per liter of clarified broth
at a biomass wet weight of 435 grams per liter. Most suitably
the product resulting from microbial expression 1s 1solated
and purified until 1t 1s substantially free of other protein,
polysaccharides and nucleic acid. As 1s apparent from the
examples numerous methods are available to the person
skilled 1n the art to achieve this. The process according to the
invention can provide the expression product 1solated and
purified to at least the following degree: content nucleic acid
less than 100 ppm, content polysaccharides less than 5%,
content other protein less than 1n commercial products. More
preferably the DNA content of less than 1 ppm, RNA content
less than 10 ppm even less than 5 ppm and polysaccharide
content less than 1% can be achieved.

Another aspect of the invention covers novel recombinant
collagen like peptides. In particular the mvention covers a
substantially pure collagen like matenal prepared by genetic
engineering of collagen encoding nucleic acid, said peptizer
having an amino acid sequence exhibiting more than 40%
homology with native collagen and comprising more than 4
different amino acid types. The nucleic acid sequence can be
derived from the native sequence or be synthetic nucleic acid
synthesized de novo. Other suitable embodiments are those
peptizers described 1n the emulsion embodiments according,
to the invention. As close a homology as possible 1s pretferred
as homologies higher than 50% preferably even 1n the order
of 80% are desired, even 80-100%. We specifically point out
the products are preferably free of blockcopolymer structure
within the GXY motif sequence.

In a preferred embodiment of the invention the collagen
like material comprises no cysteine residues. The presence of
cysteine in photographic product will disturb the product
manufacturing process. It 1s thus preferred that cysteine 1s
present 1 as small an amount as possible. This can be
achieved either through chemical modification of the recom-
binant product or mutation i the nucleic acid sequence
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encoding the product by mutation or deletion of a cysteine
encoding sequence such that cysteine 1s no longer encoded.

Suitably photographic applications will employ material
comprising less than 0.1% cysteine.

In particular for the optimal silver halide emulsion homo-
genelty of the collagen material 1s of the utmost importance.
It 1s not merely a question of absence of impurities that
provides an improvement it 1s the possibility of providing
molecules of exactly the same composition and length allow-
ing good control of the extremely sensitive process of crys-
tallisation and also enabling uniform crystal growth. For this
reason recombinant collagen like material will be valuable for
this part of the photographic manufacturing process. In addi-
tion the absence of fibril formation and even of triple helices
1s required for this particular application in the photographic
manufacturing process an aspect that until now had been
completely overlooked. The insight 1n the relevance of the
number of reducing groups in the photographic matenal 1s
also of great importance. This 1s not the rigid low amount
suggested 1n the prior art required for tabular grain formation.
Thus the reduction 1n cysteine, histidine and methionine lev-
¢ls i the collagen like material to be applied forms a pre-
terred embodiment of the mvention.

The compounds according to the invention have also
revealed an additional advantage. The known collagen mate-
rials e.g. regular and hydrolyzed collagen from animal
sources such as bone and hide result 1n low tabular grain
formation of the photographic film emulsion at higher pH
than 5.5. The new group of recombinant collagens have been
found to result in the same astonishingly hitch degree of
tabular grain formation not only at pH 3.5 but also at higher
pH e.g. pH 7. This offers the possibility of preparing silver
halide emulsions which have less stringently controlled pH as
the new compounds are apparently less pH dependent than
the non recombinant collagens. Thus the mvention 1s also
directed at recombinant collagen like compounds that can be
used 1n the production of silver halide emulsions at a pH
between 4-8 whilst still arriving at high tabular grain percent-
ages 1.€. higher than 50%0 preferably higher than 80% An
additional characteristic of the recombinant collagens that
can be considered usetul 1s the fact that the 1soelectric points
are basic as opposed to the recombinant Eastman-Kodak
polypeptide described 1n 1996 which has an acidic IEP. It 1s
expected that the fact that the recombinant collagen according
to the invention has an amino acid composition wherein more
than 4 amino acids are present offers increased variability in
the encoding sequence and thus allows higher degree of
expression. Additional variety 1s introduced by use of a
sequence with a GXY motif with less than 33% proline 1n the
total GXY sequence. The good expression 1s achieved with-
out use of a block copolymer amino acid structure in the GXY
sequence.

The invention will further be 1llustrated by the examples.

EXAMPLES

Example 1

Gelatins, collagen or collagen fragments expressed as
recombinant, heterologous protein 1n expression host organ-
1sms like yeast, fungi bacteria for photographic applications
by recombinant-DNA techniques has several advantages. (1)
In contrast to for example traditional gelatins, recombinant
molecules can be produced as rigorously non cross-linked.
(11) The molecular composition 1s precisely-defined. (111) The
molecules produced are of a single type (or a well-defined
mixture of only a few molecules), with minor or negligible
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contamination from other proteinaceous or non-proteina-
ceous molecules. The molecular weight distribution 1s very:
narrow and mono-disperse (single-component gelatins) or
oligo-disperse. (1v) The product can be manufactured 1n a
highly reproducible way, 1.e. with constant quality. Especially
yeast are well-suited production organisms for such polypep-
tides with a highly repetitive, glycine- and proline-rich
sequence.

Whereas these molecular features olten cause genetic
instability (e.g. recombination and shuifling of parts of the
gene) 1n bacterial systems, this appeared to be not much of a
problem 1n yeast [1,2]. They are eukaryotic cells 1n which
post translational modifications like hydroxylation can be
effectuated, and which allow to choose for either efficient
secretion or intracellular expression. Several species grow
ciliciently on cheap substrates like methanol, 1n contrast to
amimal cell cultures. Secreted production allows efficient
recover, of the product during or after fermentation (contrast
with plants). Several strong and tightly-regulated inducible
promoters are available for yeast systems, allowing a highly
ellicient expression and minimizing possible negative effects
on the viability and growth of the host cells. As one of several
well-suited systems that are available, we have chosen for
secreted production by the methylotrophic yeast Pichia pas-
toris. Our expression levels are among the highest ever
reported for recombinant proteins, indicating the ability of
this expression host to cope with the aforementioned or the
structure of gelatin collagen at genetic (DNA, RNA) and
protein levels. After transformation of the host, the integrative
1s incorporated into the yeast’s genome, resulting 1n genetical
stability of the transformants (loss of plasmids 1s then of no
importance). It 1s possible to generate transformants (with the
heterologous target gene under the control of e.g. the alcohol
oxidase (AOX) promotor), in which the recombinant gene 1s
either incorporated mto the HIS4 locus or the AOX1 locus. In
the latter case, depending on the type of integration, the
AOX1-gene 1s disrupted, leading to slow utilisation of (and
slow growth on) methanol (Mut” phenotpe). If the functional
AOX1 gene 1s still present, the phenotype 1s Mut™. Although
both phenotypes can be used, we generally preferred fast
growth and thus, our protocols were mainly directed at the
generation and selection of Mut™ transformants. It 1s seli-
evident that yeast or fungal expression systems other than the
P. pastoris expression system could in principle be used
equally well for the efficient production of recombinant gela-
tins, depending on the exact type and quality of molecule to be
produced, on the production scale envisaged, and on the pro-
duction costs and applicable market prices. The Pichia sys-
tem was used as a fast and efficient system for pilot produc-
tion and relatively easy pro-duct recovery.

Matenals, Methods & Analyses
General Molecular-Biological Techniques

Cloning procedures were carried out essentially according,
to Maniatis et al. [3]. DNA was 1solated using Wizard Plus SV
mimprep, or (Q1agen midiprep systems. DNA was isolated
from agarose gels using the QIAquick Gel Extraction Kit
(Qiagen). All enzymes used were from Pharmacia unless
otherwise stated and were used according to the manufactur-
er’s recommendations. Transformation of £. coli was per-
formed by standard electroporation using the BioRad
GenePulser. All procedures involving the handling and trans-
tormation of Pichia pastoris and the expression of proteins 1n
this host organism were essentially carried out according to
the manual of the Pichia Expression Kit (from Invitrogen)
[4].

Insertion of a Rat COL3A1 ¢cDNA Fragment mto a Yeast
(Pichia pastoris) Expression Vector

Plasmid pRGRS, containing a partial rat proo1(11I) col-
lagen cDNA, was a kind gift of Dr. Vuorio [3]. It was digested
with Pstl, yielding an approximately 0.7 kb fragment of the
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helical domain. Using the 3'-3' exonuclease activity of T4
DNA polymerase the fragment was blunt-ended and subse-
quently ligated with T4 DNA ligase to SnaBI digested and
CIP dephosphorylated pPIC9 Pichia pastoris expression vec-
tor (Invitrogen). The ligation reaction was then used to trans-
torm E. coli IM109.

It will be understood that the choice of possible and suit-
able vectors 1s not restricted to pPIC9. Anyone skilled 1n the
art will be able to use and adapt a number of other possible
vectors such as pHIL-S1, in which a Pichia pastoris acid
phosphatase 1 (Phol)-signal instead of the Saccharomyces
cerevisiae-derived alpha-mating factor (aMF) prepro signal
1s used, or pHIL-D1, for intracellular expression, and many
others.

Plasmid DNA was 1solated, and the sequence of the
pCOL3A1 construct thus created (FIG. 1) was verified by
sequencing according to the method of Sanger [6], using an
automated sequencer (ALF DNA Sequencer, Pharmacia) and
by using the 3'AOX1, 3'AOX1 and a-Factor (cMF) sequenc-
ing primers suggested 1n the Pickia Expression Kit (see FIG.
2) (SEQ ID NOs:35-37), respectively. The protein sequence
expected for the expressed protein 1s indicated 1n FIG. 3 (SEQ
ID NO:38).

Transtormation of Pichia pastoris with pCOL3 Al

In order to obtain Mut™ transformants upon transformation
of Pichia pastoris, the construct was linearized with Sall. In
order to obtain Mut” transformants the construct was digested
with Bglll. After phenol extraction and ethanol precipitation,
the con-struct was then used to transform Pichia pastoris
strain GS115 (Invitrogen) using electroporation according to
Becker and Guarente [ 7] using the BioRad GenePulser (set at
1500V, 25 uF and 2002 and using 0.2 cm cuvettes). The
transformation mix was plated out on Minimal Dextrose
plates (MD-plates; 1.34% YNB, 4x107>% biotin, 1% dex-
trose and 1.5% agar) in order to select for the presence of the
vector which converts the His™ strain GS1135 to His™. After
growth at 30° C. for 3 days, several colonies were selected for
PCR confirmation of the Mut genotype. Genomic DNA was
1solated according to the yeast miniprep method of Lee [8]
and RNase A treated. PCR was performed using 100 ng of
genomic DNA. 50 pmol SAOX1 primer, 50 pmol 3'AOX1
primer, 1.25 U Taq polymerase (Pharmacia), 0.2 mM dNTPs
(Pharmacia) and 1x Taqg buffer (Pharmacia) in a total volume
of 50 ul. After an 1mitial denaturation at 94° C. for 5 minutes.
30 cycles were performed consisting of 1 minute at 94° C., 1
minute at 57° C. and 2 minutes at 72° C. Final extension was
at 72° C. for 10 minutes. The PCR machine used was the
Perkin-Elmer GeneAmp 480. Agarose gel electrophoresis
should reveal a 2.2 kb endogenous AOX1 band for Mut™
transformants. Transformants without 2.2 kb band are Mut”.
Verified transformants of both the Mut™ and Mut” genotype
were selected for small-scale expression 1n 50 ml conical
tubes (placed at an angle and with the cap loosely attached),
or in 100 ml or 11 (battled) flasks.

Expression of COL3A1 Fragment

Expression was performed essentially as described 1n the
Pichia Expression Kit manual. Brietly, transformants were
grows overnight n BMG (100 mM potassium phosphate
pH6.0, 1.34% YNB, 4x107°% biotin and 1% glyceol) to an
OD,,=2-6. Cultures were then centrifuged and resuspended
in BMM (as BMG but 0.5% methanol replaced the glycerol)
to an OD 4, 0of 1.0. Cells were grown for 4 days at 30° C. and
250 rpm, with methanol being added to 0.5% every day.

10 ul of the culture supernatants was analyzed by SDS-
PAGE according to Laemmi [9] 1n a BioRad mini-PRO-
TEAN II system. Coomassie Brilliant Blue staining revealed
several bands, the highest of which had the expected apparent
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length of about 29 kD). It should be noted that gelatin, collagen
and collagen fragments migrate according to an apparent Mw,
which 1s about a factor 1.4 higher than the true Mw, at least
partly due to the relatively low mean residue Mw [12].

In order to establish their identity, an SDS-PAGE gel
loaded with acetone-fractionated COL3A1l fermentation
supernatant (see below for the fractionation procedure) was
blotted to an Immobilon P°¢ membrane (Millipore) using the
Biorad Min1 Trans-blot Cell. Quantitative transfer was
achieved by applying 100V for one hour, using CAPS butfer
(2.2 g CAPS per liter of 10% MeOH, pH 11). After staining
with Coomassie Brilliant Blue, the four most prominent
bands were cut out and the N-terminal sequence was deter-
mined by Edman degradation. The 29 kD band did not give
any signal and 1s probably N-terminally blocked. One of the
two smaller fragments was not pure enough to be sequenced.
The other two smaller bands did give readable signals and are
underlined i FIG. 3. It 1s clear that the bands are caused by
some form of proteolysis, which can be explained by the fact
that gelatin 1s a very open protein 1n the random coi1l confor-
mation and 1s thus highly susceptible to proteolysis.
Protease Activity

Degradation of the collagen was observed of collagen
types I and III during fermentation at pH 35.0. Tests were
carried out to further characterize this degradation. This deg-
radation was markedly reduced when carrying out the fer-
mentation process at a lower pH. Specifically pH 3.0 provided
good results. We also researched the effect of addition of
casamino acids. The addition gave protection for both types
of collagen atpH 5.0. Furthermore the addition provided even
better protection for collagen type I also at pH 3.0. This
additional protection was not noticeable in the case of col-
lagen type 111 at pH 3.0. It 1s presumed extracellular neutral
proteases attack the collagen which 1s extremely vulnerable
to proteolytic degradation resulting from 1t’s random coil
conformation. (See below for a description of the fermenta-
tion procedure). The tests were carried out with the collagen-
containing supernatants of a pCOL3 A1 fermentation at pH
3.0, where degradation during fermentation was minimal.
After removal of the cells by centrifugation, the pH of the
supernatants was adjusted to pH 5.0. Subsequently, parallel
incubations were carried out with the following additions:

(1) fresh Pichia pastoris cells (washed with MilliQ)

(2) fresh Pichia pastoris cells (washed with Mill1QQ) and glass
beads: this mixture was vortexed (positive control I).

(3) nothing added (negative control)

(4) trypsin (5 mg/ml) (positive control II).

All samples were incubated for 96 hours at 30° C. and pH
5.0. (These were the conditions that caused degradation of the
gelatin during fermentation). Finally, the incubated samples
were analyzed on an SDS-PAGE gel according to Laemmli
[9] 1n a Biorad mini-PROTEAN 1II system, followed by a
Coomassie Brilliant Blue staining.

The results were:

(1) incubation at pH 5.0 with washed intact cells caused
degradation of pCOL3 A1 (onginally produced at pH 3.0) into
4-5 discrete bands, probably as a result of cell-surface asso-
ciated proteolytic enzyme activity:

(2) addition of broken cells caused degradation of both col-
lagen types mnto a large number of proteolytic products (posi-
tive control I);

(3) no degradation occurred 1n the absence of cells at pH 5.0;
(4) addition of trypsin caused massive degradation of the
gelatin (positive control II).

In different experiments, we verified that after removal of
the cells at the end of the fermentations, the recombinant
gelatins 1n the cell-free fermentation broth were stable for
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several days 1n the temperature range of 0-30° C. and the pH
range of 3.0-7.0. Thus, some proteolytic degradation of gela-
tin occurred during fermentation, but after removal of cells,
no relevant proteolytic activity remains and, no further pre-
cautions are necessary to stabilize the product. A similar
stability was observed for the COL1A1 products described
below. This stability of the recombinant gelatins came as a
surprise, as they are not hydroxylated (shown by analysis of
amino acid composition, as described below) and, accord-
ingly, non-helical, 1.e. without any secondary structure. The
total absence of secondary structure (i.e. of collagen-type
helix) and of hydroxyproline was verified, respectively, by
circular dichroic spectroscopy (CD) according toref. [13] and
by HPLC analysis of the amino acid composition after full
hydrolysis of the peptide bonds. At 5 degrees Celsius 1t was
ascertained that the expression product remained largely 1n
the random coil configuration and 1s thus essentially non
gelling. This 1s 1n accordance with the absence of helix sta-
bilizing hydroxyprolines as confirmed by the experiments.
The recombinant gelatins are thus extremely open molecules
(and as such unparalleled polypeptides!) that are Sound to be
extremely prone to proteolytic degradation. The unexpected
stability of the pro-duct 1n this expression host (also after
secretion) greatly facilitates the downstream processing and
isolation of the product from this expression system and
obviates the repeated addition of expensive and instable
inhibitors of proteolytic activity (e.g. para-methyl-sulionyl
fluoride (PMSF)). In addition, 1t opens up possibilities for
minimizing gelatin degradation during high cell-density fer-
mentation, viz. by continuously separating the product from
the cells during fermentation, using simple micro filtration or
dialysis against nutrient broth, and by recirculating the cells
to the fermenter Previously only TRIPLE-HELICAL col-
lagen or folded polypeptides have been produced. These are
more resistant to proteases. Triple helical collagen 1s even
tully resistant to trypsin, pepsin, and other well-known pro-
teases. In contrast, the production of intact, non-hydroxylated
and unfolded gelatin was thus expected to be extremely dii-
ficult.
Production in a Protease-Deficient Strain

In order to investigate 1f the pep4 proteinase A deficient
strain SMD1168 (Invitrogen), 1s better suited for the expres-
sion of the protease sensitive gelatin sequences, this strain
was also transformed with the pCOL3A1 construct. Method-
ology was as described above. Unfortunately there was no
clear positive effect 1n both shake flask and fermenter expres-
s101 experiments.
Analysis of Glycosylation

In order to establish if the protein 1s glycosylated, a PAS
staining, mvolving the application of Schiil’s reagent after
oxidation by periodic acid, was performed on an SDS-PAGE
gel. The gel was incubated for 1 hour 1n 12.5% TCA. 1 hour
in 1% periodic acid/3% acetic acid, 1 hour 1n 15% acetic acid
(replaced every 10 minutes) and 1 hour 1n Schiil’s reagent (at
4° C. 1n the dark). The gel was then Washed two times for 5
minutes 1 0.5% sodium bisulfite and destained 1n 7% acetic
acid. The expressed protein bands gave no signal, while there
was a signal from a positive control (carboxypeptidase Y). As
expected, no signal was obtained with a negative control (£.
coli extract). It can be concluded that the expressed protein 1s
not glycosylated.
Northern Blotting

A northern blot of methanol grown cells was performed.
RINA was 1solated according to the method of Schmitt et al.
[10]. The PCOL3A1 vector was digested with Eco-RO/Sphl
to give a 0.5 kb COL3A1 fragment. The fragment was >°P
random primer-labeled and hybridized to the blot, after which
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the blot was washed to a final stringency 01 0.2xSSC at 65° C.
Autoradiography revealed a messenger of the expected length
(1.3 kb).
Pichia Transformants Containing Multiple Copies of the Het-
erologous COL3A1 Gene

In order to mnvestigate whether gelatin expression levels
can be enhanced even further, the G418 multi copy selection

method of Scorer et al. [11] has been applied. The pPIC9K
vector was digested With BamHI EcoRI and the 9.0 kb band
was 1solated. The pCOL3 A1 vector was also digested with

BamHI/EcoRI and the resulting 1.0 kb fragment was ligated
to the 9.0 kb pPICI9K band after which E. coli IM109 was

transformed. The construct pCOL3A1K (FIG. 4) thus
obtained was verified by restriction digestion.

Pichia pastoris (GS115 was transformed with the
pCOL3A1K vector as described before (digested with Sall in
order to obtain Mut™ transformants). In order to select for
multicopy transformants, the his™ colonies on MD-plates
were pooled (approximately 6000) and subjected to second-
ary screening on plates containing a series of 10 different
G418 (Gibco-BRL) concentrations ranging from 0.25 to 4.0
m/z/ml. The cells were plated at a density or approximately
10° cells per plate. After incubation for 4 days at 30° C.
several resistant colonies of each G418 concentration were
transierred to fresh plates at the corresponding level of G418
to verily their resistance.

In order to determine the copy number of the pCOL3A1K
vector 1n the G418 resistant transformants, a semi-quantita-
tive dot blot was performed. Genomic DNA of the verified
(418 resistant transformants was 1solated according to the
protocol of Lee [8] and RNase A treated. Approximately 200
ng ol genomic DNA of each of 40 transformants (4 per
concentration ol G418) was transferred to a positively
charged nylon membrane (Boehringer Mannheim) by means
of a vacuum blotting device (Gibco-BRL Convertible sys-
tem). As a I-copy control a pCOL3A1 transformant which
had been verified to contain only 1-copy by Southern blot was
also transterred to the blot (in duplo), as well as a non-

transformed control (in duplo).
The pCOL3A1 vector was digested with EcoRI Sphl to

give a 0.5 kb COL3A1 fragment. This fragment was ~°P
random primer-labeled and hybridized to the dot blot filter.
After washing to a final stringency of 0.1xSSC at 65° C.
autoradiography was performed. After stripping (the effi-
ciency of which has been checked), the membrane was
hybridized to a probe dertved from a verified Pichia pastoris
URA3-fragment, which had been picked up by PCR with
heterologous URA3 primers. This control serves for normal-
ization of the COL3A1 signals for the amount of DINA
loaded. The membrane was washed and subjected to autora-
diograms as described for the COL-3A1 probe. The signals
on both autoradiograms were densitometrically quantified
using a gel scanner (PDI, Pharmacia). As expected there was
no COL3 A1 signal for the O-copy controls, while there was a
URA3 signal. The copy number can be estimated by calcu-
lating the ratio of COL3 A1 signal for each transformant and
the average COL3 A1 signal obtained for the 1-copy controls,
as normalized by the ratio of the respective URA3 signals (1.¢.
to account for differences 1n the amount of DNA blotted to the
membrane). Transformants containing approximately 1 to 15
copies were thus obtained.

Expression of COL3A1 Fragments in Multi-Copy Transior-
mants.

A series of transformants containing 1 to 15 copies was
subjected to small-scale expression as described above. Since
SDS-PAGE indicated a higher yield at higher copy number,
further tests were carried out ata 100 mL scale with the 2-, 10-
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and 15-copy transformants. They were grown overnight in
100 ml flasks, containing 25 ml BMG (100 ml potassium
phosphate pH 6.0, 1.34% YNB, 4.107>% biotin and 1% glyc-
erol). After centrifugation at 1500-3000 g for 5 minutes, the
cells were resuspended 1 100 ml BMM (as BMG but 0.5%

methanol 1nstead of the glycerol). They were grown 1n 1 liter
battled flasks at 30° C. and 250 rpm for 4 days, with methanol

being added to 0.5% every day. 1 ml samples were taken each
day and analyzed on SDS-PAGE. A higher copy number
resulted 1n a higher amount of gelatin product. Selected 5- and
15-copy transformants were used for expression tests 1n a
fermenter at a 1 L-scale. The highest COL3A1 production
was obtained with the 15-copy transformant (about 14.8 g
gelatin/L 1n the extracellular medium at a dry biomass of 177
g/L. and after about 184 hours of fermentation, 1.¢. about 7.7
g/L. overall, or 42 mg/(L.hour); at a dry biomass of 110 g/L.
and after about 120 hours of fermentation, 1t was about 7 g

gelatin/L 1n the extracellular medium, 1.e. about 3.7 g/L. over-
all, or 31 mg/(L.hour)).

Cloning of a Mouse COL1A1 fragment (COL1A1-1) Mouse

Primers were designed on the known sequence (FIG. 5)
(SEQ ID NOs:39-46, respectively). PCR was performed on
Mouse 17-day Embryo QUICK-Clone™ (fibroblast) cDNA
(Clontech), using 0.4 ng of cDNA, 0.4 uM C1A1-FW primer
(FI1G. 5), 0.4 uM C1A1-RV1 primer (FIG. 5), 1x Advantage
KlenTaqg Polymerase Mix (Clontech), 0.2 mM dN'TP’s (Phar-
macia) and 1x KlenTag PCR reaction buifer (Clontech) in a
total volume of 20 ul. After an 1mnitial denaturation at 94° C. for
4 minutes, 35 cycles were performed of 1 minute at 94° C., 1
minute at 68° C. and 2 minutes at 72° C. Final extension was
at’72° C. for 10 minutes. Agarose gel electrophoresis shows a
1 kb band, which 1s the size predicted from the sequence.
DNA was 1solated from the agarose gel and subsequently
digested with Ncol and Xhol restriction enzymes. The
digested fragment was 1solated from agarose gel and cloned
into the Pichia pastoris expression vector pPIC9 according to
the following strategy (FI1G. 6). First, an adaptor contaiming a
Ncol and a Xhol site, was inserted 1n the multiple cloning site
of pPIC9, vielding pPIC9*. The adapter was prepared by
annealing the synthetic oligonucleotides N-X-FW and N-X-
RV as shownin FIG. 5 and FIG. 6. The single-strand overhang
originating from the 5' end of the oligonucleotide N-X-RV
was designed to form an EcoR I site after annealing with the
EcoR I-digested vector. The 5' overhang from N-X-FW (Xho
I*) was complementary to the overhang created by the action
of Xho I on the vector, but did not give rise to an Xho I site
alter ligation. Because the target vector, pPIC9, has an Nco 1
site outside the multiple cloning site, pUC18 has been used as
an mtermediate vector for the cloming of this fragment. The
section between BamHI and EcoRI of the altered multiple

cloning site of pPIC9* was transierred to the multiple cloning
site of pUCI18 vector, resulting in pUC18*. The Ncol-Xhol

digested fragment COL1A1-1 was ligated in the pUC18*
vector between the Ncol and Xhol sites. From this pUCI18-
COL1A1-1 construct the COL1A1-1 fragment, together with
the part of the multiple cloning site from the pPIC9, was
digested with BamHI and EcoRI and ligated 1in pPIC9, yield-
ing the construct pCOL1A1-1 (FIG. 7). Thus, a partial Ncol-
digestion of the pPIC9 was not necessary. The correct inser-
tion 1 pPIC9 was first checked by restriction analysis and
then by DNA sequencing.
Transtormation of Pichia with pCOL1A1-1 and Expression
of the COL1A1-1 Fragment

Pichia pastoris GS115 was transformed with the
pCOL1A1-1 vector as described for the pCOL3 A1 vector. Sal
I-digested DNA was used 1n order to specifically generate
Mut™ transformants. Several transformants were used for
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small-scale expression 1n shaking flasks and one of those was
selected for expression 1n the fermenter at a 1-100 L scale.
Typical yields are in the range of 4-5 g gelatin/LL in the
(extracellular) medium (as determined aiter acetone fraction-
ation, described below), at a dry biomass of 100-120 g/L
(about 3 g gelatin/L overall). The target gelatin (F1G. 8) (SEQ
ID NO:47) has a theoretical Mw of 27.4 kD. Collagenous
proteins and gelatin are known to migrate at an apparent Mw
approximately 1.4 times higher than the true Mw [10]. In
agreement, an SDS-PAGE band migrating at an apparent Mw
of about 38 kD was observed (interpolated value obtained
with globular protein Mw markers). In addition, three shorter
products with an apparent Mw of 24, 18 and 15 kD were
observed (interpolated values). These could be the result of
carly proteolytic activity in the intracellular, cell surface-
associated or extracellular compartments, or from problems
at the level of translation. The degradation products were
present already at very early stages of induction and no fur-

ther degradation occurred. Even incubation 1n the presence of
washed 1ntact cells at pH 5.0 and 30° C. during 96 hours did

not cause further degradation of pCOL1A1-1 with respect to
the situation after fermentation at pH 3.0. (Massive degrada-
tion occurred 1n the presence of trypsin, as a positive

control). In order to verity that problems at the mRNA level
were not responsible for the occurrence of the 24, 18 and 15

kD products, Northern blotting was performed as described
for COL3A1, using a>*P random-primer labeled 1.0 kb Ncol/

Xhol COL1AI1-1 fragment from pCOL1A1-1 as the probe.
The expected 1.6 kb messenger was found.

In order to establish the identity of the observed fragments,
an SDS-PAGE gel loaded with acetone-fractionated
COL1Al-1 fermentation supernatant was blotted to an
Immobilon P°¥ membrane (Millipore) using the Biorad Mini
Trans-blot Cell. (See below for a description of the acetone
fractionation procedure). Quantitative transier was achieved
by applying 100V for one hour, using CAPS buffer (2.2 g
CAPS per liter of 10% MeOH, pH 11). After staining with
Coomassie Brilliant Blue, the four most prominent bands
were cut out and the N-terminal sequence was determined by
Edman degradation. The sequencing signals obtained were
extremely low as compared with the amount of loaded mate-
rial (on average around 5%). It 1s therefore likely that the
fragments were for the most part N-terminally blocked. This
supports the 1dea that proteolysis of COL1A1-1 takes place
intracellularly. The large amount of COL1A1 supplied,
allowed nevertheless an easy determination of the N-terminal
sequence. The N-terminal sequences obtained are underlined
in the protein sequence (FI1G. 8) as encoded by the transiected
COL1AI1-1 gene. The fragments with an apparent Mw of 38
kD and 18 kD both gave the sequence expected for the N-ter-
minus of the protein, but extended with ‘EA’. This extension
(or EAEA) 1s known to be present on some proteins expressed
from expression vectors utilizing the Saccharomyces cerevi-
siae-derived alpha-mating factor (aMF) prepro signal. This
elfect 1s assumed to be due to steric hindrance of STE13
cleavage activity. However, because most of the protein 1s
probably N-terminally blocked, 1t may well be that this
extended version represents only the minor fraction that 1s
sequenceable. Based on the N-terminal and internal
sequences, the fragments with an apparent Mw of 38, 24, 18
and 15 kD were assigned to be fragments consisting of,
respectively, residue 1-310, 126-310, 1-125, and 42-125 of
the target product as shown in FIG. 8, and having theoretical
Mw’s of 28, 16, 12, and 8 kD, respectively. Fragments cor-
responding to residue 1-41 (theoretical Mw 4 kD) and 42-310
(theoretical Mw 24 kD, apparent Mw 34 kD) were not
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observed. This could be due to a (much) more frequent cleav-
age betweenresidue 125 and 126 than between residue 41 and
42.
Cloning and Expression of Mouse COL1A1-2

PCR has been carried out on Mouse 17-day Embryo
QUICK-Clone™ cDNA (Clontech) in the same way as
mouse COL1A1-1, using C1A1-FW and C1A1-RV2 primer.
After denaturation at 94° C. for 4 minutes, 35 cycles were
performed of 1 minute at 94° C., 1 minute at 65° C. and 3
minutes at 72° C. Final extension was at 72° C. for 10 min-
utes. Agarose gel electrophoresis shows a 1.8 kb band, which
1s the s1ze predicted from the sequence. The further cloning of

COL1A1-2 into the pPIC9 expression vector has been carried
out 1n the same way as COL1Al-1, yielding pCOL1A1-2

(F1G. 9).

Pichia pastoris GS115 was transformed with the
pCOL1A1-2 vector as described for the pCOL3 A1 vector. Sal
I-digested DNA was used 1n order to specifically generate
Mut™ transformants. Several transformants were used for
small-scale expression 1n shaking flasks and one of those was
selected for expression 1n the fermenter at a 1-100 L scale.
FIG. 10 (SEQ ID NO:48) shows the expected COL1A1-2
amino acid sequence. Typical yields are 1n the range o1 4-5 g
gelatin/L 1n the (extracellular) medium, at a dry biomass of
100-120 g/L (about 3 g gelatin/L overall). The target gelatin
(FIG. 10) has a theoretical Mw of 53 kD). In agreement with
this value (and with the known anomalous migration of gela-
tin 1n SDS-PAGE [10]), a SDS-PAGE band migrating at an
apparent Mw of about 74 kD was observed (interpolated
value obtained with globular protein Mw markers). In addi-
tion, three shorter products with an apparent Mw o1 36, 18 and
15 kD were observed (interpolated values). If the proteolytic
cleavage would occur at corresponding sites 1n the
COL1A1-1 and COL1A1-2 expression products (FIGS. 8,
10), fragments consisting of residue 1-395, 126-395, 1-123,
and 42-125 of the COL1A1-2 product would be expected to
occur. These would have theoretical Mw’s of 53, 42, 12, and
8 kD, respectively, corresponding to apparent Mw’s o1 74, 58,
17 and 11 kD. Surprisingly, this corresponds well to the
observed apparent Mw’s, 1indicating that cleavage of
COL1A1-2 was restricted mainly to the bond between resi-
due 125 and 126, and (1n addition), the bond between 41 and
42. Again, fragments corresponding to residue 1-41 (theoret-
cal Mw 4 kD) and 42-595 (theoretical Mw 50 kD), apparent
Mw 70 kD) were not observed. This could be due to a (much)
more frequent cleavage between residue 125 and 126 than
between residue 41 and 42, as mentioned for COL1A1-1.
Cloning and Expression of mouse COL1A1-3

PCR has been carried out on Mouse 17-day Embryo
QUICK-Clone™ cDNA (Clontech) in the same way as
mouse COL1A1-1, using C1A1-FW and C1A1-RV3 primer.
After denaturation at 94° C. for 4 minutes, 35 cycles were
performed of 1 minute at 94° C., 1 minute at 65° C. and 3
minutes at 72° C. Final extension was at 72° C. for 10 min-
utes. Agarose gel electrophoresis shows a 2.8 kb band, which
1s the size predicted from the sequence.

The PUC18* plasmid was digested with Ncol and dephos-
phorylated. The Cl1AI-FW/C1A1-RV3 PCR product was
digested with Ncol and the resulting 2.5 kb fragment was gel
purified and ligated into the Ncol digested and dephosphory-
lated vector. After transformation of £. coli X1.1Blue, correct
orientation of the msert in the resulting clones was verified by
Pvull digestion. The further cloning of COL1A1-3 into the
pPIC9 expression vector has been carried out in the same way
as described for COL1A1-1, yvielding pCOL1A1-3 (FIG. 11).

Pichia pastoris GS115 was transformed with the

pCOL1A1-3 vector as described for the pCOL3 A1 vector. Sal
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[-digested DNA was used 1n order to specifically generate
Mut* transformants. Several transformants were used for
small-scale expression 1n shaking flasks and one of those was
selected for expression in the fermenter at a 1-100 L scale.
FIG. 12 (SEQ ID NO:49) shows the expected COL1A1-3
amino acid sequence. Typical yields are 1n the range ol 4-5 g
gelatin/L 1n the extracellular compartment (determined after
acetone fractionation, as described below), at a dry biomass
of 100-120 g/L (about 3 g gelatin/L overall). The target gela-
tin (FIG. 12) has a theoretical Mw of 72 kD. In agreement
with this value, an SDS-PAGE band migrating at an apparent
Mw of about 100 kD was observed (interpolated value
obtained with globular protein Mw markers). In addition,
three shorter products with an apparent Mw of 85, 18 and 15
kD were observed (interpolated values). If the proteolytic
cleavage would occur at homologous sites in the COL1A1-1
and COL1A1-3 expression products (FIGS. 8, 12), fragments
consisting of residue 1-812, 126-812, 1-125, and 42-125 of
the COL1A1-3

product would be expected to occur. These would have theo-

retical Mw’s of 72, 60, 12, and 8 kD, respectively, corre-
sponding to apparent Mw’s of 100, 84, 17 and 11 kD. Sur-
prisingly, this corresponds well to the observed apparent
Mw’s, indicating that cleavage of COL1A1-3 was restricted
mainly to the bond between residue 125 and 126, and (to a
lesser extent), the bond between 41 and 42. Again, fragments
corresponding to residue 1-41 (theoretical Mw 4 kD) and
42-812 (theoretical Mw 68 kD), apparent Mw 96 kD) were not
observed. This could be due to a (much) more frequent cleav-
age betweenresidue 125 and 126 than between residue 41 and
42, as mentioned for COL1A1-1.

Table 1 summarnizes the apparent COL1 A1 fragment sizes
derived by comparison with molecular weight marker pro-
teins (LMW Calibration kit; Pharmacia), together with the
s1ze calculated from the sequence.

TABL.

(L]

1

Apparent and theoretical molecular weights of COIL1 A1l frasments

Apparent Molecular
molecular weight Molecular
welght on  corrected for welght

SDS-PAGE  409% slower calculated from

gel migration Residue the sequence Gene product

100 kD 71 kD 1-812 72 kD (1A1-3)

85 kD 61 kD 125-812 61 kD (1A1-3)

74 kD 53kD 1-595 34 kD (1A1-2)

56 kD 40 kD 125-595 42 kD (1A1-2)

38 kD 27kD 1-310 28 kD (IAl-1)

24 kD 17 kD 125-310 16 kD (1A1-1)

18 kD 13 kD 1-125 12 kD (1A1-1,2,3)

15 kD 11 kD 42-125 8 kD (1A1-1,2,3)

It1s clear from table 1 that the ‘MGPR’ model fits the actual
found fragment sizes well.
One would also expect fragments of residue 1-41 (4 kD;

1A1-1,2,3)and 42-310 (theoretical Mw: 24 kD apparent Mw:
34kD; 1A1-1),42-5935 (theoretical Mw: 50 kD apparent Mw:
70 kD; 1A1-2), or, 42-5935 (theoretical Mw: 68 kDD apparent
Mw: 96 kD; 1A1-3). The fact that these fragments are not
seen on gel, may be explained by assuming that the rate of
cleavage at the second ‘MGPR’ site 1s much higher than that
at the first site. This means that 11 the protein molecule 1s cut,
it will always first occur at the second site. This difference 1in
cleavage rates may be explained by the fact that the first site
1s preceded by a proline residue which may sterically hinder
the protease.
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Mouse COL1A1-1, COL1A1-2 AND COL1A1-3 ‘RGPM’
(SEQ ID NO:16) Mutants

We considered the possibility that the same amino acid
sequence, functioning as recognition site for proteolytic
enzyme(s), would be responsible for the degradation of all
COL1A1 products (COL1A1-1, COL1A1-2, COL1A1-3).

Surprisingly, both internal N-terminal sequences obtained
from the 15 kD and 24 kD COL1A1-1 fragments were pre-

ceded by the same sequence ‘MGPR’ (SEQ ID NO:14).
Moreover, this sequence occurs only twice 1 the mouse
COL1A1-1,COL1A1-2, or COL1A1-3 genes, viz. at residue

83-41and 122-125. (As compared to COL1A1-1, COL1A1-2
and COL1A1-3 do not contain additional MGPR -sites). Also,
the COL3A]1 fragment from the rat did not contain such a site.

This corresponds nicely to the observed cleavage pattern.
Therefore, we think that *‘MGPR’ (SEQ ID NO:14) 1s a motif
recognized by a specific protease, resulting in the cleavage of
the COL1A1 proteins. This MGPR (SEQ ID NO:14) protease

recognition site has not been described previously. A more
generalized representation of the motif could possibly be

MXXR, MXX[RK], or even [MLIV]XX[RKH] (SEQ ID

NO:17). The former motifs are mndeed present only twice 1n
the entire mouse COLI1A1l gene and are absent in the
COL3A1 fragment, while the latter motif 1s so broad that 1t
includes non-cleaved sites: MKGH (SEQ ID NO:18) at resi-
due 85-88 and VGAK (SEQ ID NO:19) at residue 169-172 1n
COL1A1, and IKGH (SEQ ID NO:20) at residue 198-201 1n
COL3A1. Thus, MXXR or MXX]|RK] are more likely gen-
eralized motifs than [MLIV]XX[RKH (SEQ ID NO:17).
FIG. 13 (SEQ ID NO:50) shows the ‘MGPR’ (SEQ ID
NO:14) motifs 1n the COL1A1-2 sequence. It 1s to be
expected that this proteolytic cleavage site 1s only recognized
by the enzymes mnvolved 1t 1t occurs 1n relatively open,
unfolded structures (like 1n our gelatins), but not so easily in
more compactly folded structures (like 1n globular proteins).
Thus, 1t may be important only 1n certain classes of proteins
and

polypeptides, including gelatins and unfolded collagens.

In order to be able to produce full-length COL1AI-1,
COL1A1-2 AND COL1A1-3 without the occurrence of the
three other main bands, the ‘MGPR’ (SEQ 1D NO:14) motifs
should be removed by site-directed mutagenesis. In order to

maintain the original amino acid composition of natural
COLI1A1 gelatin, the ‘MGPR’ (SEQ ID NO:14) motif was

removed by converting 1t to ‘RGPM’ (SEQ ID NO:16). Two
pairs of complementary primers were synthesized:

COL1AIMUT1FW:

(SEQ ID NO: 16)
R G P M

(SEQ ID NO: 21)
5'-GAG-CCT-GGC-GET-TCA-GGT-CCA-CGA-GGT-CCA-ATG-
GGT-CCC-CCT-GG-3!

COL1A1IMUTLRYV :

(SEQ ID NO: 22)
5'-CC-AGG-GGG-ACC-CAT-TGEG-ACC-TCGEG-TGG-ACC-TGA-
ACC-GCC-AGG-CTC-3!

COL1A1IMUT2FW:

(SEQ ID NO: 16)
R G P M

(SEQ ID NO: 23)

5" -GGA-GCT-CCT-GGC-CAG-CGA-GGT -CCA-ATG-GET-CTG-

CCC-GGT-GAG-AG-3"



US 8,188,230 B2

27

-continued
COL1AIMUT2RYV :

(SEQ ID NO:
-ACC-CAT-TGG-ACC-TCG-CTG-

24)
5'"-CT-CTC-ACC-GGGE-CAG

GCC-AGG-AGC-TCC-3"

Note:

mutant positions are underlined; the original C of
the Pro residue has been converted into A to avoid
the generation of an Ncol site.

Three primer combilnations were used:

1. 5'A0X1 primer and COL1AIMUTI1RYV

2. COL1AIMUTI1FW and COL1AIMUT2RV

3. COLI1AIMUT2FW and 3'AOX1

The reactions contained: 1.25 U Pwo polymerase (Euro-
gentec), 50 pmol of each primer, 0.2 mM dNTPs (Pharmacia),
1 x Pwo butfer (Eurogentec) and 15 ng pCOL1A1-1 template
DNA 1n a total reaction volume of 50 ul. The PCR-machine
used was the GeneAmp 9700 (Perkin-Elmer). After an initial
incubation at 94° C. for S minutes, 18 cycles were performed
consisting of 30 seconds at 94° C., 30 seconds at 60° C. and 45
seconds at 72° C. Final extension was performed at 72° C. for
10 minutes. Agarose electrophoresis of the PCR-reactions
revealed products of the expected sizes (0.5, 0.3 and 0.7 kb
respectively). The bands were cut out from the gel and puri-
fied. The 1solated fragments were then subjected to overlap-
extension PCR. Approximately 0.1 pmol of each fragment
was mixed together. 50 pmol of 5'AOX1 and 3'AOX1 primer
were added, as well as Pwo polymerize, dN'TPs and butler as
described above. Cycling conditions were the same as
described above with the exception that extension at 72° C.
was performed for 90 seconds instead o1 45 seconds. Agarose
gel electrophoresis revealed the expected 1.5 kb product. The

remainder of the PCR reaction was purified using the
QIAquick PCR Purification Kit (Qiagen). The purified DNA

was then digest-d with BamHI/ Apal, after which the resulting,
1.0 b fragment was purified from gel. F. coli strain IM110 was
transformed with pCOL1A1-1, pCOL1A1-2 and pCOL1A1-
3, 1n order to remove the dcm methylation of the Apal site.
A‘ ter DNA 1solation, the plasmids were digested with
BamHI/Apal. The resulting vector fragments of 7.9, 8.3 and
9.5 kb, respectively, were purified from agarose gel and
ligated to the BamHI/Apal digested PCR-product. E. coli
XL 1-Blue was transformed with these ligation reactions and
plasmid DNA of PCR-verified insert containing clones was
1solated and verified by automated sequencing. The mutant
plasmids pCOL1A1-1*, pCOL1A1-2* and pCOL1A1-3*
thus created were digested with Sall and used to transform
Pichia pastoris strain GS115. Small- and fermentor-scale
expression was performed as described for COL1A1-1.

The SDS-PAGE analysis clearly shows that only one major

band of the expected full-length size 1s formed, for COL1A1-
1* as well as COL1A1-2* and COL1A1-3%,
Construction and Expression of Synthetic Gene.

A synthetic gene, encoding a polar gelatin (P monomer)
was constructed b overlap extension PCR. The theoretical
molecular weight and 1soelectric point are 9.1 kD and 4.9,
respectively. The gene was designed to have the codon usage
of Pichia pastoris highly expressed genes (Sreekrishna. K.
and Kropp, K. E. (1996) Pichia pastoris, Woll, K. (Ed),
Nonconventional vyeasts in biotechnology. A handbook.
Springer-Verlag, pp. 6 203-6 253). Two separate PCR reac-
tions were performed, using the following oligonucleotides:
1 pmol OVL-PA-FW, 1 pmol OVL-PA-RV, 50 pmols HLP-
PA-FW and 50 pmols HLP-PA-RV.

1 pmol OVL-PB-FW, 1 pmol OVL

PB-FW and 50 pmols HLP-PB-RV.

-PB-RYV, 350 pmols HLP-
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Oligonucleotide sequences were as follows:

HLP-PA-FW:

(SEQ ID NO: 25)
51" -GCGCTCGAGAAAAGAGAGGCTGAAGC -3
OVL-PA-FW:

(SEQ ID NQ: 26)
51" -GCOGCTCGAGAAALAGAGAGGCTGAAGCTGGTCCACCCGGTGAGCCAGG

TAACCCAGGATCTCCTGGTAACCAAGGACAGCCCGGTAACAAGGGTTCTC
CAGGTAATCCA-3"

OVL-PA-RV:

(SEQ ID NO: 27)
5' -TGAGAACCTTGETGGACCETTGECGAACCTEECTCACCAGGTTGTCCGT
TCTGACCAGGTTGACCAGGTTCGACCTTCEGTTTCCTCGETTGACCTEGATT

ACCTGGAGAACCCTT -3

HL.P-PA-RV:
(SEQ ID NO: 28)
5'-TGAGAACCTTGTGCACCETTCGAR-3!
HL.P-PB-FW:
(SEQ ID NO: 29)
5'-TTCCAACGGTCCACAAGGTTCTCA-3!
OVL-PB-FW:
(SEQ ID NO: 30)

51V -TTCCAACGGTCCACAAGGTTCTCAGGGTAACCCTGGAAAGAATGGTC
AACCTGGATCCCCAGGTTCACAAGGCTCTCCAGGTAACCAAGGTTCCCCT
GGTCAGCCAGGTAACCCT -3

OVL-PB-RV:
(SEQ ID NO: 21)

51" -GCGTCTGCAGTACGAATTCTATTAGCCACCGGCTGGACCCTGGETTT

CCTGGTTTACCTTGT TCACCTGGTTGACCAGGGTTACCTGGCTGACCAG
GGGAACCTTGGTT -3

HLP-PB-RV:

(SEQ ID NQ: 32)

5" -GCGTCTGCAGTACGAATCTATTAGC -3

The 50 ul PCR reactions contained 0.2 mM dNTP’s (Phar-
macia), 1x Pwo bufler (Eurogentec) and 1.25 U Pwo poly-
merase (Eurogentec). Reaction 1 involved 18 cycles consist-
ing ol 15 seconds at 94° C. and 15 seconds at 72° C. Reaction
2 mvolved a touchdown PCR, whereby each cycle consisted
of 15 seconds at 94° C., 15 seconds at the annealing tempera-
ture and 15 seconds at 72° C. The annealing temperature was
lowered from 72° C. to 68° C. 1in the first 5 cycles, after which
20 additional cycles at an annealing temperature of 67° C.
were performed.

The PCR products were 1solated from agarose gel. 0.3
pmols of each fragment and 50 pmols of the outer primers
HLP-PA-FW and HLP-PB-RV were subjected to overlap
extension PCR. 25 cycles consisting of 15 seconds at 94° C.,
15 seconds at 67° C. and 15 seconds at 72° C. were per-

formed. The resulting 0.3 kb PCR fragment was digested with
Xhol/EcoRI and cloned in cloning vector pMTL23. The
sequence ol the gene was verified by automated DNA
sequencing.

In order to create a P tetramer (P4; theoretical molecular
weilght 36.8 kD), the fragment was released by digesting the
vector with Dralll/Van911. In a separate reaction the vector
was digested with Van911 and dephosphorylated. The Dralll/
Van91I fragment was then inserted into this Van911 digested
vector. This yielded a vector containing a P dimer. This dimer
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was released by digestion with Dralll/Van911 and remserted
into the Van911 site of the dimer bearing vector, yielding the
P tetramer (P4). The P and P4 fragments were then cloned into
the Xhol/EcoRI sites of vector pPIC9. The encoded amino
acid sequence of the mature (processed) P monomer and
tetramer are as follows:

Monomer (P (SEQ ID NO: 33)) :
1 GPPGEPGNPG SPGNOGOPGN KGSPGNPGOP GNEGOPGOPG

61 GKNGOPGSPG SOGSPGNOGS PGOPGNPGOP GEOGKPGNQG PAGG
Tetramer (P4 (SEQ ID NO:

1 GPPGEPGNPG SPGNQGQPGN

34) )

KGSPGNPGOQP GNEGQPGQPG

61 GKNGOQPGSPG SQGSPGNQGS PGOQPGNPGOP GEQGKPGNQG

121 GSPGNPGOQPG NEGOQPGOPGQ NGQPGEPGSN GPOGSQGNPG

181 GOQPGNPGQPG EQGKPGNQGP AGEPGNPGSP GNQGQPGNKG

241 GOPGEPGSNG POQGSQGNPGK NGOPGSPGSQ GSPGNQGSPG

301 GEPGNPGSPG NQGOQPGNKGS PGNPGOQPGNE GOPGOPGONG

361 GOPGSPGSOQG SPGNQGSPGQ PGNPGOPGEQ GKPGNQGPAG G

In order to prevent possible C-terminal degradation of the
P and P4 gelatins, constructs were created that have 1dentical
sequences as P and P4, but which have a C-terminal Pro
instead of a Gly residue (PC and P4C, respectively).

The vectors were linearized by digestion with Sall and
were used to transform Pichia pastoris strain GS115. Fer-
mentations were performed as described for COL1A1 (1.e.
growth at pH 3 and 1n the presence of casamino acids). Cul-
ture supernatants were analyzed by SDS-PAGE and revealed
protein bands having the expected N-terminal amino acid
sequences. The yvield was calculated to be 1 g-ram/liter fer-
mentation medium. The products could be purified by
acetone fractionation as described for the native gelatins (1.e.
removal of endogenous proteins at 40% acetone and precipi-
tation of gelatin at 80°, acetone).

Expression/Production of Gelatin in a Fermentor

Fed-batch fermentations were performed according to the
Pichia fermentation process guidelines of Invitrogen. Cells
were grown 1n a I-liter fermentor (Applikon) i the 1nitial
experimental stages to optimize protein production. Thereat-
ter cells were grown 1n a 20-liter or a 140-liter fermentor
(Biobench 20, Bio-pilot 140, Applikon) for pilot scale pro-
duction of collagen. Working volumes were I-liter, 15-liter
and 100-liter, respectively. AD1020 controllers (Applikon)
were used to monitor and control the fermentation param-
cters. The program BioXpert (Applikon) was used for data
storage. Dissolved oxygen levels were monitored 1n the fer-
mentor using an oxygen electrode (Ingold for 1-liter fermen-
tations. Mettler Toledo for larger scale fermentations). Agi-
tation (500-1000 rpm) and aeration (1-2 vvm, i.e. 1-2 LL™"
min~") were manually adjusted to keep the dissolved oxygen
concentration above 20%, pH was measured by a pH elec-
trode (Broadly James cooperation) and automatically kept at
pH 3.0 or pH 3.0 by addition of ammonium hydroxide (25%),
which also served as nitrogen source for growth of the micro-
organisms. An anti foam-electrode was used to prevent exces-
stve foaming. When necessary, the anti foam Structol J673
(Schill and Seilacher, Hamburg, Germany) was used. Growth
of the microorganisms was monitored by determination of the
cell dry weight. A calibration curve was made by which cell
wet weight could be converted into cell dry weight. Cell wet
welght was determined after centrifugation of 2 ml-samples
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for 5 min at 15.000 rpm and removing the supernatant. Cell
dry weight was determined after addition of 200 ul of cells to
a pre-dried filter (0.45 um membrane, Schleichner & Schiill,
Dassel, Germany), washing with 25 ml of deionized water
and drying e.g. 1n a microwave oven for 15 minutes at 1000 W.
Cell dry weight was approximately a factor 3 lower than call

QNGQPGEPGS NGPOQGSQGNP

NGPOQGSQGNP
PGNOGQPGNK
QGSPGNOGSP
EGOPGOPGON
QGKPGNQGPA

QGSQGNPGKN

wet weight. Precultures were started from colonies ona MGY

plate, 1 flasks containing a total of 10% of the mnitial fer-
mentation volume of MGY. The volume of the medium
was =20% of the total flask volume. Cells were grown at 30°
C. at 200 rpm 1n a rotary shaker (Gallenkamp) for 24-60
hours.

Fermentation Medium

The fermentation basal salts medium in the fermentor con-
taimned per liter: 26.7 ml of phosphoric acid (85%), 0.93 ¢

calcium sulfate, 18.2 g potassium sulfate. 14.9 g magnesium
sulfate. 7H,O, 4.13 g potassium hydroxide and 40.0 g glyc-
erol. An amount of 4.3 ml of PI'M, trace salts was added per
liver of fermentation basal salts medium. PTM, trace salts
contained per liter: 4.5 g cupric chloride.2H,O. 0.09 g potas-
stum 10dide, 3.5 g manganese chloride.4H,O, 0.2 g sodium
molybdate.2H,O. 0.02 g boric acid, 1.08 g cobalt
sulfate.7H,0O. 42.3 g zinc sulfate.7H,O, 65.0 g ferrous sul-
tate. 7HO. 0.2 g biotin and 5.0 ml sulfuric acid. Trace salts
were filter sterilized (pore size 0.22 um, Costar, USA).
Casamino ac ds (caseine hydrolysate Merck) were separately
sterilized and added to the fermentation medium 1n an amount
or 5 g/l when collagen type I from the mouse was expressed
(COL1A1-1, COL1Al-1*, COLI1Al1-2. COLI1AI-2%,
COL1A1-3, COL1A1-3*). During the fermentation after 50
hours a further amount of 5 g/1 of sterile casamino acids was
added to the fermentation medium.
Fermentation of Mut™ Cultures

The fermentor was sterilized with the fermentation basal
salts medium. The 20-liter and 120-liter fermentor were ster-
lized 1n situ with 1mitial medium volumes of 5-7.5 1 and
S0-liter, respectively. The 1-liter fermentor was sterilized
with 500 ml medium 1n an autoclave. After sterilization the
temperature was set at 30° C., agitation and aeration were set
at 500 rpmand 1 vvm (i.e. ILL™' min™"), respectively. The pH
was adjusted to set point (usually pH 5.0) with 25% ammo-
nium hydroxyde. Trace salts were aseptically added to the
medium. The fermentor was moculated with 10% of the 1ni-
tial fermentation volume of precultured cells in MGY. The
batch culture was growl until the glycerol was completely
consumed (18-24 hours). This was indicated by an increase of
the dissolved oxygen concentration to 100%. Cell dry weight
was 25-35 g/1 1n this stage. Thereafter the glycerol fed-batch
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phase was started by mitiating a 50% (v/v) glycerol feed
containing 12 ml PTM, trace salts per liter of glycerol. The
glycerol feed was set at 13 ml/h/liter mitial fermentation
volume. The glycerol feed was carried out for 4 hours, or
overnight 1n the case of a long lag phase. During the glycerol

batch phase the pH of the fermentation medium was lowered
to 3.0. The protein induction phase was initiated by starting a
100% methanol feed containing 12 ml PTM, trace salts per
liter of methanol. The feed rate was set to 3 ml/h/liter mitial
termentor volume. During the first hours methanol accumu-
lated 1n the fermentor. After 2-4 hours dissolved oxygen lev-
¢ls decreased due to adaptation to methanol. The methanol
feed was increased to 6 ml/h/initial fermentor volume 1n the
case of a fast dissolved oxygen spike. 11 the carbon source 1s
limiting, shutting of the carbon source causes the culture to
decrease 1ts metabolic rate and the dissolved oxygen concen-
tration rises (spike). After an additional 2 hours the methanol
rate was 1ncreased to 9 ml/h/liter, 1nitial fermentor volume.
This feed rate was maintained throughout the remainder of
the fermentation. The fermentation was stopped after 70-130
h methanol ted-batch phase. During the fermentation samples
were taken of 2 ml, centrifuged (5 min, 15.000 rpm) and the
supernatant was stored at —20° C.

Concentration of gelatin and total protein was determined
alter filtration of the samples (0.22 um) and subsequent
acetone fractionation (40 vol-%, followed by 60-80 vol-%
acetone). The BCA protein assay (Pierce) was routinely used,
with gelatin from Merck as a reference. According to SDS-
PAGE and analysis of the amino acid composition, the non-
collagenous proteins precipitated at 40% acetone, while the
COL3A1 and COL1A1 fragments precipitated at 60-80%. At
60% acetone, preferentially the higher molecular weight
gelatin components precipitated. At increasing acetone con-
centration, increasing precipitation was obtained for the main
degradation products described above. At 80%, all of the
main degradation products were recovered 1n the precipitate
(as checked with SDS-PAGE). Small peptides and other low
molecular weight contaminants remained 1n solution at 80%
acetone.

At the end of the fermentation, the cells were removed by
centrifugation (10.000 rpm. 30 min. 4° C.) 1n the case of the
1-liter fermentation. Cells were removed by micro filtration
in the case ol the 20-liter fermentation. The cell broth was first
applied to a micro filtration module containing a polyether
sulfone membrane with 0.50 um pore size (type MF 05 M2
from X-Flow, fitted in a RX 300 filtration-module from
X-Flow). Thereafter the supernatant was applied to a similar
type of micro filtration module containing a polyether sulfone
membrane with 0.2 um pore size (type MF 02 M1, similarly
from X-Flow). In the case of the 120-liter fermentation cells
were removed by a pilot plant scale micro {filtration unit
containing a polyether sulfone membrane with 0.2 um pore
s1ze (type MF 02 M1, from X-Flow, fitted into a R-10 mem-
brane module). These filtration units are mentioned merely as
examples. It will be understood that any suitable micro filtra-
tion system could be applied to remove the cells. Optionally,
the bulk of cells and debris was removed by centrifugation,
and only the supernatant and the medium used to wash the
cells was applied to the microfiltration units. Alternatively, 1t
1s possible to recover the product from the fermentation broth
and separate 1t from the cells by directly applying the fermen-
tation broth to a suitable expanded bed chromatography sys-
tem, using a resin that specifically binds the gelatin produced.
We successtully used SP Sepharose XL Streamline from
Pharmacia as a cation exchanger 1n expanded bed mode, at pH
3-4.

Fermentation of Mut® Cultures

Glycerol batch and fed-batch phase were performed as

described for the mut™ cultures. Since Mut” cultures metabo-
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lize methanol poorly, their oxygen consumption 1s very low.
Therefore spikes of the dissolved oxygen concentration can-
not be used to evaluate the culture. The methanol feed was
adjusted to maintain an excess of methanol 1n the medium
which does not exceed 0.3%. The methanol feed was 1nitiated
at 1 ml/h/liter in1tial fermentor volume and increased slowly
to 3 ml/h liter. The total fermentation time required when
using Mut® cultures was comparatively longer than when
Mut™ cultures were used.
Preparative Purification of Collagen/Gelatin on a Preparative
Scale

After the micro filtration step, two alternative purification
strategies were followed (see 1, II below).
I. Punification by Differential Precipitation
Acetone Fractionation

Collagen type I and type III were partly purified from
batches of 500 ml to 2 liter of supernatant by a 40-80%
acetone Iractionation. At 40% acetone, the non-collagenous
proteins (from Pichia) were precipitated, while at 60-80%
acetone, collagen as well as collagen breakdown products
were precipitated, as shown by SDS-PAGE and analysis of
the amino acid composition. At 60% acetone, preferentially
the higher molecular weight gelatin components precipitated.
At increasing acetone concentration, increasing precipitation
was obtained for the main degradation products described
above. At 80% all of the main degradation products were
recovered 1n the precipitate (as checked with SDS-PAGE).
Small peptides and other low molecular weight contaminants
remained 1n solution at 80% acetone. Acetone was cooled for
2-4 hours at —20° C. An amount of 40% of 1ce-cold acetone
(v/v)was added slowly to the pre-cooled supernatant from the
fermentation at 4° C. under magnetic stirring. Supernatant
was stirred overnight at 4° C. Precipitated proteins and par-
ticles were removed by centrifugation (4° C., 10.000 rpm, 30
min). The pellet was resuspended 1n 40% i1ce-cold acetone
and again centrifuged. Both 40% acetone supernatant frac-
tions were pooled. Thereafter the supernatant was brought to
60-80% acetone (v/v) and stirred overnight. Precipitated pro-
teins were collected by centrifugation. The pellet was resus-
pended 1n 60-80% acetone and centrifuged again. The pellet
was dissolved 1n an appropriate amount of a 5 ml acetic acid;
ammonium hydroxide buffer at pH 3.0 (builer A) to a protein
concentration of 20-50 gl.
Ammonium Sulphate Precipitation

Polysaccharides were subsequently removed by precipita-
tion of the gelatin/collagen at 60% saturation of ammonium
sulphate, where the polysaccharides remained in solution.
Ammonium sulphate was slowly added to 60% saturation at
4° C. After 60 min stirring the sample was centrifuged (30
min, 4° C., 10.000 rpm). The pellet was resuspended 1n 60%
ammonium sulphate and again centrifuged. If more than 1%
(w/w) polysaccharides or sugars remained present, the com-
plete ammonium sulphate precipitation procedure described
above was repeated after complete redissolution of the gela-
tin/collagen 1n the absence of ammonium sulphate. Finally,
the pellet was dissolved 1n deiomized water or 1n buffer A to a
protein concentration of 20-50 g/1. The pH of the sample was
adjusted to 3.0. The sample was desalted by dialysis against
buifer A, which was refreshed every 4 hours. Dialysis mem-
branes of regenerated cellulose (Spectra Por®, from Spek-
trum) were used with a molecular weight cut-off of 8 kD. The
dialysis was stopped after 2-7 days at the moment that the
conductivity of the sample was judged to be sulliciently low
(topically 20-150 uS.cm™" above background). Conductivity
was measured with a digital conductivity meter (Radiom-
cter), calibrated with 1 mM and 10 mM KCl1 solutions (140

and 1400 uS.cm™, respectively). As an alternative to dialysis,
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ultrafiltration and diafiltration were used to desalt the samples
and (optionally) to concentrate them. Where applicable, the
product was subsequently pre-dried (optional) by precipita-
tion with high concentrations of acetone and evaporation of
the acetone, and finally freeze-dried.

I1. Purification by Cation-Exchange Chromatography

The cation-exchange resin was SP Sepharose XL (Pharma-
c1a Biotech), but other suitable resins could also be used. The
purification was carried out at several scales. Thus, 25 mL bed
in a XK16 column (Pharmacia) was used. Runs were per-

formed with a FPLC (Pharmacia). Bed height was 12.5 cm.

Flow rates were typically 1 mlL/min. At an intermediate scale,
a 100 mL bed was used. Runs being controlled by an Akta
Explorer integrated pump/processor/multiple valve/multiple
detector unit (Pharmacia). On pilot scale a 2 liter bed 1n an
Index 140 200 column was used. Bed height was at least 13
cm. Runs were performed with the AKTA explorer pump-
processor unit (Pharmacia) or other pump systems. Flow rates
were 50-100 ml/min, or higher. As an example, the following
butfer system and elution conditions were used. Butfer X was
a S mM citric acid buffer at pH 3.2, buifer Y a 5 mM citric acid
buifer with 1 NM NaCl at pH 3.0. The column was equili-
brated with 2-5 bed volumes of buffer X. The protein of
interest was eluted with a linear gradient of 0-0.5 M NaCl 1n
5-10 column volumes. The main band of collagen type III
cluted at 50-100 mM NaCl. The main band of collagen type I
eluted at 70 mM Na(l, the other bands between 30-150 mM
NaCl, 1n agreement with their theoretical 1soelectric points.
The column was cleaned with 1 bed volume of buifer Y. On a
pilot scale the pooled fractions were desalted and concen-
trated, e.g. by addition of 80% acetone, and subsequently
freeze-dried.

Characterization of the Gelatin/Collagen Product

The amino acid composition was determined aiter com-
plete HCl-mediated hydrolysis of the peptide bonds at very
low pH and elevated temperature, followed by derivatisation
of the amino acids with a fluorophore, and HPLC.

The percentage Gly expected from pure collagen 1s 33%.
This offers a means of estimating the purity of produced
recombinant gelatins. In order to correct for the percentage of
Gly 1n endogenously secreted proteins ol Pichia pastoris,
amino acid composition analysis was performed on fermen-
tation supernatant of a Mut™ transformant of pPIC9. The
percentage Gly found was 9%. The purity of a sample can
now be estimated by the formula:

(% Gly-9)/(33-9)=(%/Gly-9)24.

After dissolution of samples 1n Mill1QQ water, the following
assays were performed.

The protein content was determined by the BCA assay
from Pierce, using gelatin from Merck as a reference.

The protein Mw distribution was determined by SDS-
PAGE.

The sugar content was determined by a phenol-based
assay. 200 uLL samples were mixed with 200 ulL 5% (w/w)
phenol. After thorough mixing using a Vortex mixer, 1 mL of
concentrated sulphuric acid was added. After mixing, the
samples were incubated for 10 min at room temperature and,
subsequently, for 20 min. at 30° C. After cooling, the light
absorption of the samples at 485 nm was determined. Starch,
glucose and sucrose were used to prepare calibration curves.

The DNA content was determined by mixing aliquots of
diluted SYBR® Green I nucleic acid “gel” stain (10.000x
conc. In DMSO) from Molecular Probes with our samples.
After thorough spectral analysis, the excitation wavelength
was chosen to be 490 nm, and the emission wavelength 523
nm. The calibration was by subsequent addition of known
amounts of DNA to this same mixture, as internal standards.
Thus, a calibration curve was constructed. Furthermore, 1t
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was checked that subsequent addition of DNA-degrading
enzyme resulted 1n complete break down of the fluorescent
signal.

A quantitative indication of the RNA plus DNA-content
was subsequently obtained by using SYBR® Green 11 “RNA
gel stain”, instead of SYBR® Green I. After thorough spectral
analysis, the excitation wavelength was chosen to be 490 nm,
and the emission wavelength 514 nm. Calibration was by
subsequent addition of known amount of RNA. The resulting
value was denounced the “RNA” content of the sample. In the
absence of DNA, it corresponded to the true RASA content.

When present, the DNA-associated fluorescence may have
biased the RNA values, although a final addition of RNAse

was used to discern the DNA- and RNA-derived contributions
to the tluorescence.

The conductivity of the samples was measured with a digi-
tal Radiometer conductivity meter, checking that 1 and 10
mM KCL solutions 1n MilliQQ water gave readings of 140 and
1400 uS.cm™, respectively.

Data on Purity of Some Gelatin Batches Produced in Accor-
dance with the Invention (Examples)
GATO4a (col3al)

about 2.4 gram

purification:

micro filtration, precipitation (1x acetone Iractionation

(40%/80%), 1x (NH,),S0,), dialysis against 5 mM
CH,COOH/CH,COO™-buffer keeping the sample

below pH 4 (initial pH about 3.5; bulfer prepared by
dilution from 500 mM acetic acid adjusted to pH 3.0
with 25% NH_ OH), lyophilization

DNA: <1 ppm (w/w)

RNA: 12.7 ppm (w/w)

total sugars: 4.5% (w/w)

gelatin was not degraded during purification (SDS-PAGE:
FIG. 14)

GATO4b (col3al, Further Purified than GATO4a)
about 1 gram
purification:
further purified from GATO4a by repeated (2x addi-
tional) ammonium sulphate precipitation followed by
dialysis against 5 mM CH,COOH/CH,COQO™-butier

keeping the sample belong pH 4 (initial pH about 3.3;
butfer prepared by dilution from 500 mM acetic acid
adjusted to pH 3.0 with 25% NH_O—H), lyophiliza-
tion
DNA: 0.56 ppm (w/w)
RNA: 3.2 ppm (w/w)
total sugars: 0.94% (w/w)
gelatin was not degraded during purification.
specific conductance after dialysis about 180 uScm™" at 10
g gelatin/L (specific conductance of buffer about 100
uScm™)
specific conductance after lyophilization and dissolving a
sample: 180 uScm™" at 10 g gelatin/L, 100 uScm™" at 5 g
gelatin/L
GATOS (collal-1)
about 0.9 gram
purification:
micro filtration, precipitation (1x acetone fractionation
(40%/80/80), 1x (NH,),SO,), dialysis against 5 mM
CH,COOH/CH,COOQO™-builer keeping the sample
below pH 4 (initial pH about 3.5; bufler prepared by
dilution from 500 mM acetic acid adjusted to pH 3.0
with 25% NH_ OH), lyophilization
DNA: <1 ppm (w/w)
RNA: 87 ppm (w/w)
total sugars: 4.5% (w/w)
gelatin was not degraded during purification (SDS-PAGE:
FIG. 15)
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GATO6 (col3al Purified by Expanded Bed Cation Exchange
Chromatography)

about 50 mg
purification:

expanded bed cation exchange chromatography at pH
3-3.5 (SP-Sepharose-XL. “Streamline” resin from
Pharmacia Biotech; sugar content after sub-optimal
washing of the column and elution at 0.3 M NaCl:

1.8% (w/w)), further removal of sugar by a single
(NH,),SO, -precipitation, tollowed by dialysis
against 5 mM NH,/CH,COO™-bufter (pH about
3.5), lyophilization
DNA: <1 ppm (w/w, already before (NH,),SO ,-precipita-
tion and dialysis)
RNA: <9 ppm (w/w, already betore (NH,),SO ,-precipita-
tion and dialysis)
total sugars: 1.1%

specific conductance after dialysis about 94 uScm™" at 0.55
g gelatin/LL (specific conductance of buifer: about 100
uScm).
gelatin was not degraded during purification
GATO7 (collal-2)
400 mg

purification:
micro {iltration, precipitation (1x acetone fractionation

(40%/71.5%), 3x (NH,),S0,), pre-desalting by
acetone precipitations: 1x71.5%, 1x80%, dialysis
against MilliQQ water, lyophilization

DNA: 0.79 ppm

RINA: 9.5 ppm

total sugars: 0.7% (w/w)

specific conductance after dialysis about 15.5 uScm™" at 4
g gelatin/L

gelatin was not degraded during purification
GATOS (col3al)

about 6 g
purification:

microfiltration, dilution, cation exchange chromatogra-
phy na 2.1 litre bed SP Sepharose-XL from Pharma-
cia Biotech equilibrated with 20 mM citrate, pH 3.5
and elution at 0.15 M Na(ll in the same bulfer over a
gradient ol 0-1 M NaCl, concentration, partial desali-
nation with 80% acetone, centrifugation, resolubili-
sation 1n MilliQ water, dialysis against MilliQQ water
and lyophilisation
DNA: 1.55 ppm (w/w)

RNA: 10.9 ppm (w/w)

total sugars: 1.2% (w/w)

specific conductance after dialysis about 90 uScm™" at 7.5
g gelatin/L

gelatin was not degraded during purification

FI1G. 16 shows the result of purification.
GATO9 (collal-1)

1.7 g

purification: see GATOS with one difference 1.e. elution

from the cationic exchanger 1 a 1 salt step at 0.75 M
NaCl.

DNA: <1 ppm (w/w)
RNA: 1.3 ppm (w/w)
total sugars: 2.2% (w/w)

specific conductance after dialysis about 70 uScm™"at 12 g
gelatin/L

gelatin was not degraded during purification
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GATOI10 (collal-2) Wherein Both MGPR Sequences Have
Been Changed to RGPM

62

purification: see GATOS

DNA: 0.04 ppm (w/w)

RNA: 2 ppm (W/w)

total sugars: 2% (w/w)

gelatin was not degraded during purification

N terminal amino acid sequence was as expected with

Glu-Ala as N terminal extension due to incomplete

removal of the propeptide.

The results are shown 1n FIG. 18.

In conclusion the amino acid composition of all samples
matched the theoretical composition. The contamination with
foreign protein was very low. On a glycine basis GATO4-
GATOS have less than 1% foreign protein as contaminant.
GATO9 and GATO10 have less than 5%.

DESCRIPTION TO THE FIGURES

FI1G. 1: vector pCOL3A1

FIG. 2: PCR primers for pCOL3A1l construct control
(S'AOX1—SEQ ID NO:35; 3'AOX1—SEQ ID NO:36;
aoMF—SEQ ID NO:37)

FIG. 3: The expected COL3A1 sequence (SEQ ID NO:38).
The N terminal Y 1s dertved from the pPIC 9 vector. The rest
of the sequence 1s derived from COL3A1l of the rat. The
underlined sequences correspond to the N terminal sequences
obtained for COL3 A1 fragments.

FI1G. 4: vector pCOL3A1K.

FIG. 5: Oligo sequences for cloning of CO1A1 (C1A1—
FW—SEQ ID NO:39; Cl1A1—RV1—SEQ ID NO:40;
CIA1I—RV2—SEQ ID NO:41; ClIA1—RV3—SEQ ID
NO:42; N-X-FW—SEQ ID NO:43; N-X-RV—SEQ 1D
NO:45). The bottom sequence 1s the adaptor after annealing
the top strand (SEQ 1D NO:45) with the bottom strand (SEQ
ID NO:46).

FIG. 6: Cloning strategy

F1G. 7: vector pCOL1AL-1

FIG. 8: The expected COL1A1-1 sequence (SEQ ID
NO:47). The singly underlined sequences correspond to the N
terminal sequences obtained for COL1Al fragments. The
double underlined sequences share this sequence. Both frag-

ment are extended at the N terminus by EA.
FI1G. 9: vector pCOL1AL-2

FIG. 10: Expected COL1A1-2 sequence (SEQ ID NO:48)

FI1G. 11 vector pCOL1A1L-3

FIG. 12 Expected COL1A1-3* sequence (SEQ ID NO:49)

FIG. 13: MGPR sequence 1n the expected COL1AI-2
sequence (SEQ ID NO:50). The singly underlined sequences
correspond to the N terminal sequences obtained {for
COL1A1-1 fragments. The double underlined sequences 1s
the MPPR sequence.

FIG. 14: SDS poly acryl amide gel electrophoresis of
GATO4. The gel was stained with Coommassie Brilliant
Blue. In the left most lane the molecular marker protein mix
1s visible. From top to bottom the bands correspond to
molecular weights of 94, 67, 43, 30, 20 and 14.4 kD. The
second and third lane from the left show GATO4 after puri-
fication.

FIG. 15: SDS poly acryl amide gel electrophoresis of
GATOS. The gel was stained with Coommassie Brilliant
Blue. In the rnnght most lane the molecular marker protein mix
1s visible. From top to bottom the bands correspond to
molecular weights of 94, 67, 43, 30, 20 and 1404 kD. The
second and third lane from the right show GATOS after puri-
fication.

FIG. 16 SDS poly acryl amide gel electrophoresis of
expression product collAl-2. The gel was stained with
Coommassie Brilliant Blue. In the left most lane the molecu-
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lar marker protein mix 1s visible. From top to bottom the
bands correspond to molecular weights of 94, 67, 43, 30, 20,
1 and 14.4 kD.

FIG. 17 SDS poly acryl amide gel electrophoresis of
expression product collAl-1 i which MGPR sequences
have been mutated to RGPM. The gel was stamned with
Coommassie Brilliant Blue. In the left most lane the molecu-
lar marker protein mix 1s visible. From top to bottom the
bands correspond to molecular weights of 94, 67/, 43, 30, 20,
1 and 14.4 kD.

FIG. 18 SDS poly acryl amide gel electrophoresis of
expression product collAl-2 i which MGPR sequences
have been mutated to RGPM. The gel was stained with
Coommassie Brilliant Blue. In the left most lane the molecu-
lar marker protein mix 1s visible. From top to bottom the
bands correspond to molecular weights of 94, 677, 43, 30, 20,

1 and 14.4 kD.
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Example 2
Control

Preparation of Silver Bromide Crystals with Conventional
Regular Type Gelatin.
Nucleation: At a temperature of 35° C. 1n a reaction vessel
containing 2.1 g/l regular gelatin (a standard deionised
LAG bone gelatin from PB Gelatins, Tessenderlo, Bel-
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gium) and 7.3 mM potassium bromide the pH 1s adjusted
to a value o1 5.5 by sodium hydroxide or sulphuric acid.
By single jet addition an aqueous solution of 144 mM
silver nitrate 1s added at a constant rate 1n a period of 10
sec while vigorously stir-ring. After addition of the sil-
ver nitrate the gelatin concentration in the reaction mix-
ture has become 2.0 g/l and the bromide concentration 1
mM.

Ripening: After nucleation the content of the vessel 1s
transierred to a ripening vessel, where the temperature 1s
increased gradually to a value of 75 C and the bromide
concentration 1s increased to 15 mmol, by adding a 3.4
M potassium bromide solution. The ripening 1s contin-
ued for 56 minutes after which a standard deionised
gelatin 1s added up to a concentration of 5 g/l: after 58
minutes the Ostwald ripening 1s strongly reduced by
adding a solution of methyl phenyl tetrazole and cooling
to room temperature. A sample of the prepared emulsion
was analyzed by direct transmission electron micros-
copy as well as by replica thereof.

Result: As can be seen 1n table II very low % of tabular
grains 1s formed.

Example 3
Control

Preparation of Silver Bromide Crystals with Conventional
Hydrolysed Gelatin.
Nucleation: The nucleation i1s performed applying the
same conditions (also pH=5-0.5) as 1n example 2 except
that the gelatin 1n the reaction mixture is replaced by a
conventional hydrolysed gelatin sample (also deionised
and supplied by Nitta Gelatin in Japan).
Ripening: The ripeming 1s done according the same proce-
dure as 1s used 1n example 2.

Result: A medium % tabular grains of ca 40% 1s shown 1n
table II.

Example 4
Control

Preparation of Silver Bromide Crystals with Oxidized Gela-
tin.

Nucleation: The nucleation i1s performed applying the
same conditions (also pH=5-0.5) as 1n example 1 except
that the gelatin 1n the reaction mixture is replaced by a
conventional oxidized gelatin sample (supplied by PB
Gelatins Tessenderlo 1n Beigium).

Ripening: The ripeming 1s done according the same proce-
dure as 1s used 1n example 2.

Result: A high % tabular grains of 70% with an average
aspect ratio of 5:1 1s shown 1n table II for the oxidized
gelatins at pH 5.5, The better result than with the
hydrolysed and regular gelatin 1s to be explained due to
the lower methionine content of this gelatin (11 pumol/
gram gelatin vs. 50-60 umol/gram for the conventional
gelatins).

Example 5
This Invention

Preparation of Silver Bromide Crystals with Invented Native
Recombinant Gelatins.

Nucleation: The nucleation i1s performed applying the
same conditions (also pH=5-0.5) as 1n example 2 except
that the gelatin 1n the reaction mixture 1s replaced by the
invented native COL3 A1 gelatin sample.
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Ripening: The ripening 1s done according to the same
procedure as 1s used 1n example 2.
Result: A high % tabular grains of more than 85% with an

average aspect ratio of 5:1 1s shown 1n table II.

Example 6
Control

Preparation of Silver Bromide Crystals with Conventional
Regular Gelatin at Different pH (Standard Deionised 1AG
bone Gelatin from PB Gelatins. Tessenderlo 1n Belgium.

Nucleation: the nucleation 1s performed applying a pH=7
condition while the other conditions remained the same
as 1n example 2.

Ripening: The ripening 1s done according to the same
procedure as 1s used 1n example 2 except the pH
remained the same 1.e. pH=7 as during the nucleation.

Result: No tabular grains of aspect ratio larger than 5
resulted as 1s shown 1n table II for conventional commer-
cial gelatin.

Example 7
Control

Preparation of Silver Bromide Crystals with Conventional
Hydrolysed Gelatins at a Different pH (Nitta Gelatins 1n
Japan).

Nucleation: The nucleation 1s performed applying a differ-
ent pH="7 condition while the other conditions remained
the same as 1n example 2.

Ripening: the ripening 1s done according to the same pro-
cedure as 1s used 1n example 2 except the pH remained
the same at pH=7 as during the nucleation.

Result: A very low % tabular rains around 5% resulted as 1s
shown 1n table II.

Example 8
This Invention

Preparation of Silver Bromide Crystals with Invented Native
Recombinant Gelatin at a Different pH.
Nucleation: The nucleation 1s performed applying a differ-
ent pH condition 1.e. pH=7 while the other conditions
remained the same as 1n example 4.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 54
<210>
<211>
<212>
<213>
220>

<223>

SEQ ID NO 1

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE :

<400> SEQUENCE: 1
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Ripening: The ripening 1s done according to the same
procedure as 1s used 1 example 4 except the pH
remained the same 1.e. at pH=7 as during the nucleation.

Result: A very high % tabular grains ca 80% 1s surprisingly
found at this condition which 1s clearly higher than the
state-ol-the-art gelatins as 1s shown 1n table 1I.

Example 9

Relation Between Binding Strength and Tabular
Grain Morphology

45 mg gelatin 1s accurately weighed and 15 g 0.1M phos-
phate butier pH=7.00 containing 0.1M potassium nitrate, 1s
added. The solution 1s placed 1n a waterbath at 45° C. for 15
minutes. The solution 1s cooled to room temperature (23° C.).
10 ml of this pH 7.0 phosphate buffer solution (containing
gelatin) 1s mixed at 23° C. with 100 ul 10.5 mM silver nitrate.
The potential of this solution entitled as “vAg” 1s measured
using an Ag electrode (Orion model 97-81) against an
Ag/AgC(l reference double junction electrode (Orion model
90-02). The same builer solution without gelatin 1s also
mixed with the silver nitrate solution and the potential “vAg”
measured by the same method. The difference between the
two measured potentials 1s calculated and expressed as “delta
vAg” being the binding aflinity of gelatin for the Ag-10n.
Table II below contains the tested peptizers, the % tabular
grains and the gelatin binding affimities “delta VAg” for pH
5.5 and pH 7 1n which, the criteria for tabularity has been
defined at aspect ratio >5:

% tabular % tabular
at at
Bind. strength nucleation/ nucleation/
Type “delta vAg” ripening ripening
gelatin (mV) pH =35.5 pH=7.0
oxidized 554 73 —*
hydrolysed 74.4 42 5
regular 78.5 1 0
nat. rec COL3 09.5 37 79

*not measured

OTHER INFORMATION: Synthetic amino acid sequence

Gly Leu Pro Gly Pro Lys Gly Asp Arg Gly Asp Ala Gly Pro Lys Gly

1 5 10

Ala Asp Gly Ser Pro
20

15



<210>
<«211>
<212>
<213>
<220>
<223 >

<400>

PRT

30

SEQ ID NO 2
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Recombinantly produced synthetic CLP

polypeptide

SEQUENCE :

2

41

-continued
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Gly Ala Pro Gly Pro Pro Gly Pro Pro Gly Pro Pro Gly Ala Pro Gly

1

5

10

Pro Pro Gly Pro Pro Gly Pro Pro Gly Pro Val Gly Ser Pro

<210>
<211>
«212>
<213>
«220>
<223 >

20

PRT

sSeJquerice

<400> SEQUENCE:

Gly Ala His Gly

1

Pro

Ala

Gly

Ala

65

Pro

Gly

Pro

Pro

Gly

145

Pro

Ala

Gly

Ala

Pro

225

Gly

Pro

Pro

Lys

Gly

Pro

50

Pro

Gly

Pro

ala

Gly

130

2la

Pro

Gly

Pro

Pro

210

Gly

Pro

2la

Gly

Gly
Pro
35

Ala

Gly

Ala

Pro

Gly

115

Pro

Pro

Gly

Pro

Ala

195

Gly

Ala

Gly

Pro
275

Ala

20

Pro

Gly

Pro

Pro

Gly

100

Pro

Ala

Gly

Ala

Pro

180

Gly

Pro

Pro

Gly

Pro
260

Ala

SEQ ID NO 3
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

504

3

Pro

Pro

Gly

Pro

Ala

Gly

85

2la

Pro

Gly

Pro

Pro

165

Gly

Pro

Ala

Gly

Ala
245

Gly

Ala

Gly

Ala

Pro

Gly

70

Pro

Pro

Gly

Pro

Ala

150

Gly

Ala

Pro

Gly

Pro

230

Hig

Gly

Pro

25

Illustrative recombinantly

Gly

Pro

Pro

Gly

55

Pro

bAla

Gly

Ala

Pro

135

Gly

Pro

Pro

Gly

Pro

215

Ala

Gly

bAla

Pro

Pro

2la

Gly

40

2la

Pro

Gly

Pro

Pro

120

Gly

Pro

Ala

Gly

2la

200

Pro

Gly

Pro

His

Gly
280

Gly
25

Pro

Pro

Gly

Pro

Ala
105

Gly

Ala

Pro

Gly

Pro

185

Pro

Gly

Pro

Ala

Gly

265

Ala

Gly

10

Pro

Ala

Gly

2la

Pro

50

Gly

Pro

Pro

Gly

Pro

170

2la

Gly

Ala

Pro

Gly

250

Pro

Pro

Ala

Pro

Gly

Pro

Pro

75

Gly

Pro

Ala

Gly

Ala

155

Pro

Gly

Pro

Pro

Gly

235

Pro

Ala

Gly

Hig

Gly

Pro

Ala

60

Gly

Ala

Pro

Gly

Pro

140

Pro

Gly

Pro

Ala

Gly

220

Ala

Gly

Pro

Gly

Ala

Pro

45

Gly

Pro

Pro

Gly

Pro

125

Ala

Gly

Ala

Pro

Gly

205

Pro

His

Gly

Pro

Ala
285

30

produced repetitive

Pro

Pro

30

Gly

Pro

Ala

Gly

Ala

110

Pro

Gly

Pro

Pro

Gly

120

Pro

Ala

Gly

Ala

Lys

270

Gly

15

2la

15

Gly

Ala

Pro

Gly

Pro

55

Pro

Gly

Pro

2la

Gly

175

2la

Pro

Gly

Pro

Hig

255

Gly

Pro

Gly

Pro

Pro

Gly

Pro

80

Ala

Gly

Ala

Pro

Gly

160

Pro

Pro

Gly

Pro

Ala
240
Gly

Ala

Pro

42



Gly

Pro

305

Ala

Gly

Ala

Pro

Gly

385

Pro

Pro

Gly

Pro

Ala

465

Gly

Ala

<210>
<211>
«212>
<213>
<220>
<223>

2la

290

Pro

Gly

Pro

Pro

Gly

370

Pro

2la

Gly

2la

Pro

450

Gly

Pro

His

Pro

Gly

Pro

Ala

Gly

355

Ala

Pro

Gly

Pro

Pro

435

Gly

Pro

Ala

Gly

Gly

Ala

Pro

Gly

340

Pro

Pro

Gly

Pro

Ala

420

Gly

Ala

Pro

Gly

Pro

500

PRT

sedquerice

<400> SEQUENCE:

Gly Ala His Gly

1

Pro

Ala

Gly

Ala

65

Pro

Gly

Pro

Hig

Lys

Gly

Pro
50

Pro

Gly

Pro

ala

Gly
130

Gly
Pro

35

Ala

Gly

Ala

Pro

Gly

115

Pro

Ala
20

Pro

Gly

Pro

Pro

Gly

100

Pro

Ala

Pro

Pro

Gly

325

Pro

2la

Gly

Ala

Pro

405

Gly

Pro

Pro

Gly

Pro

485

Ala

SEQ ID NO 4
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

720

4

Pro

Pro

Gly

Pro

Ala

Gly
85

2la

Pro

Gly

Ala

Gly

310

Ala

Pro

Gly

Pro

Pro

390

Gly

Pro

Ala

Gly

Ala

470

Pro

Gly

Ala

Gly

Ala

Pro

Gly

70

Pro

Pro

Gly

Pro

43

Gly
295
Pro
Pro
Gly
Pro
Ala
375
Gly
Ala
Pro
Gly
Pro
455
Pro

Gly

Pro

Pro

Ala

Gly

2la

Pro

360

Gly

Pro

Pro

Gly

Pro

440

2la

Gly

2la

Pro

Gly

Pro

Pro

345

Gly

Pro

Ala

Gly

Ala

425

Pro

Gly

Pro

His

Gly

Pro

2la

330

Gly

2la

Pro

Gly

Pro

410

Pro

Gly

Pro

Ala

Gly
490

Ala

Pro

315

Gly

Pro

Pro

Gly

Pro

395

Ala

Gly

Ala

Pro

Gly

475

Pro

-continued

Pro Gly Pro Ala

300

Gly

Pro

Ala

Gly

Ala

380

Pro

Gly

Pro

Pro

Gly

460

Pro

Ala

Ala

Pro

Gly

Pro

365

Pro

Gly

Pro

Ala

Gly

445

Ala

Pro

Gly

Illustrative recombinantly

Gly

Pro

Pro

Gly

55

Pro

bAla

Gly

Ala

Lys
135

Pro

Ala

Gly

40

Ala

Pro

Gly

Pro

Pro

120

Gly

Gly
25

Pro

Pro

Gly

Pro

Ala

105

Gly

Ala

Gly
10

Pro

ala

Gly

ala

Pro

50

Gly

Pro

His

Ala

Pro

Gly

Pro

Pro

75

Gly

Pro

Ala

Gly

Hig

Gly

Pro

Ala

60

Gly

Ala

Pro

Gly

Pro
140

Gly

Ala

Pro

45

Gly

Pro

Pro

Gly

Pro
125

Ala

Pro

Gly

Pro

350

Ala

Gly

Ala

Pro

Gly

430

Pro

Pro

Gly

Pro

produced repetitive

Pro

Pro
30

Gly

Pro

Ala

Gly

Ala

110

Pro

Gly

Gly

2la

335

Pro

Gly

Pro

Pro

Gly

415

Pro

2la

Gly

Ala

Lys
495

2la
15

Gly

ala

Pro

Gly

Pro

55

Pro

Gly

Pro

US 8,188,230 B2

Gly

Pro

320

Pro

Gly

Pro

Ala

Gly

400

b2la

Pro

Gly

Pro

Pro

480

Gly

Gly

Pro

Pro

Gly

Pro

80

Ala

Gly

Ala

44



Gly

145

Pro

Ala

Gly

Ala

Pro

225

Gly

Pro

Hig

Gly

Pro

305

Ala

Gly

Ala

Pro

Gly

385

Pro

Hig

Gly

Pro

Ala

465

Gly

Ala

Pro

Gly

Pro
545

Hig

2la

Gly

Pro

Pro

210

Gly

Pro

2la

Gly

2la

290

Gly

Pro

Pro

Gly

370

Pro

ala

Gly

2la

Lys

450

Gly

Pro

Pro

Gly

Pro

530

2la

Gly

His

Gly

Pro

Ala

195

Gly

Ala

Pro

Gly

Pro

275

His

Gly

Pro

Ala

Gly

355

Ala

Pro

Gly

Pro

His

435

Gly

Pro

Ala

Gly

Ala

515

Pro

Gly

Pro

Gly

Ala

Pro

180

Gly

Pro

Pro

Gly

Pro

260

Ala

Gly

Ala

Pro

Gly

340

Pro

Pro

Gly

Pro

Ala

420

Gly

Ala

Pro

Gly

Pro

500

Pro

Gly

Pro

Ala

Pro

Pro

165

Gly

Pro

2la

Gly

Ala

245

Pro

Gly

Pro

Pro

Gly

325

Pro

Ala

Gly

2la

Pro

405

Gly

Pro

Pro

Gly

Pro

485

Ala

Gly

Ala

Pro

Gly
565

Ala

150

Gly

Ala

Pro

Gly

Pro

230

Pro

Gly

Pro

Ala

310

Ala

Pro

Gly

Pro

Pro

390

Gly

Pro

Ala

Gly

Ala

470

Pro

Gly

Pro

Pro

550

Pro

45

Gly

Pro

Pro

Gly

Pro

215

Ala

Gly

Ala

Gly
295

Pro

Pro

Gly

Pro

bAla

375

Gly

Ala

Gly

Pro
455

Pro

Gly

Pro

Ala

Gly

535

bAla

Pro

Ala

Gly

2la

200

Pro

Gly

Pro

Pro

Gly

280

Pro

2la

Gly

2la

Pro

360

Gly

Pro

Pro

Gly

Pro

440

Ala

Gly

2la

Pro

Gly

520

Pro

Pro

Gly

Gly

Pro

185

Pro

Gly

Pro

Ala

Gly

265

Ala

Gly

Pro

Pro

345

Gly

Pro

Ala

Gly

Ala

425

Gly

Pro

Pro

Gly

505

Pro

Ala

Gly

Ala

Gly

Pro

170

2la

Gly

2la

Pro

Gly

250

Pro

Hisg

Gly

Pro

Ala

330

Gly

2la

Pro

Gly

Pro

410

His

Gly

Pro

2la

Gly

490

Ala

Pro

Gly

Pro

His
570

Ala
155

Pro

Gly

Pro

Pro

Gly

235

Pro

Ala

Gly

Ala

Pro

315

Gly

Pro

Pro

Gly

Pro

395

Ala

Gly

Ala

Pro

Gly

4775

Pro

Pro

Gly

Pro

Ala
555

Gly

-continued

His

Gly

Pro

Ala

Gly

220

Ala

Pro

Gly

Pro

Hig

300

Gly

Pro

Ala

Gly

Ala

380

Pro

Gly

Pro

Hig

Gly

460

Pro

Ala

Gly

Ala

Pro

540

Gly

Pro

Gly

Ala

Pro

Gly

205

Pro

Pro

Gly

Pro

Ala

285

Gly

Ala

Pro

Gly

Pro

365

Pro

Gly

Pro

Ala

Gly

445

Ala

Pro

Gly

Pro

Pro

525

Gly

Pro

Ala

Pro

Pro

Gly

190

Pro

Ala

Gly

Ala

Pro

270

Gly

Pro

Pro

Gly

Pro

350

Ala

Gly

Ala

Pro

Gly

430

Pro

Pro

Gly

Pro

Ala

510

Gly

Ala

Pro

Gly

Ala

Gly

175

2la

Pro

Gly

Pro

Pro

255

Gly

Pro

2la

Gly

Ala

335

Pro

Gly

Pro

Pro

Gly

415

Pro

2la

Gly

2la

Pro

495

Gly

Pro

Pro

Gly

Pro
575

US 8,188,230 B2

Gly

160

Pro

Pro

Gly

Pro

Ala

240

Gly

b2la

Gly

Pro

320

Pro

Gly

Pro

Ala

Gly

400

Ala

Gly

Pro

Pro

480

Gly

Pro

b2la

Gly

Ala
560

46



Gly

Pro

Ala

Gly

625

Ala

Pro

Gly

Pro

Hig
705

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

2la

Gly
610

Pro

Pro

Gly

Pro

Ala

690

Gly

His

Gly

595

Pro

Ala

Gly

Ala

Pro

675

Gly

Pro

Gly

580

Ala

Pro

Gly

Pro

Pro

660

Gly

Pro

Ala

PRT

seduelice

SEQUENCE :

Gly Ala His Gly

1

Pro

Gly

Pro

ASp

65

ATrg

Ser

Gly

Pro

Pro

145

Gly

Ala

Pro

Gly

Lys

Pro

Gly

50

Pro

ASpP

Arg

Ser

Gly

130

Pro

Pro

Gly

2la

Pro
210

Gly

Pro

35

Pro

Gly

Pro

ASP

ATrg

115

Ser

Gly

Pro

Pro

Gly

195

Ala

Ala

20

Gly

Pro

Pro

Gly

Pro

100

ASDP

ATg

Ser

Gly

Pro

180

Pro

Gly

Pro

Pro

Gly

Pro

Ala

645

Gly

Ala

Pro

Gly

SEQ ID NO b
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

960

5

Pro

Pro

2la

Gly

Pro

Pro

85

Gly

Pro

Asp

Ser
165
Gly

Pro

Pro

Ala

Gly

Ala

Pro

630

Gly

Pro

Pro

Gly

Pro
710

Ala

Gly

Pro

Ala

Gly

70

Pro

Pro

Gly

Pro

ASP

150

ATrg

Ser

Gly

Pro

47

Gly
Pro
Pro
615
Gly
Pro
Ala

Gly

Ala
695

Pro

Ala
600

Gly

2la

Pro

Gly

Pro

680

Pro

Gly

Lys

585

Gly

Pro

Pro

Gly

Pro

665

Ala

Gly

Ala

Gly

Pro

Ala

Gly

ala

650

Pro

Gly

Pro

His

Ala

Pro

Gly

Pro

635

Pro

Gly

Pro

Ala

Gly
715

-continued

Higs Gly Pro

Gly

Pro

620

Ala

Gly

Ala

Pro

Gly

700

Pro

Ala
605

Pro

Gly

Pro

Pro

Gly

685

Pro

Ala

Illustrative recombinantly

Gly

Pro

Gly

Pro

55

bAla

Gly

Pro

Pro

Gly

135

Pro

AsSp

Arg

Ser

Gly
215

Pro

Ala

Pro

40

Gly

Pro

2la

Gly

Pro

120

Pro

Gly

Pro

ASP

Arg

200

Ser

Gly
25

Ala

Pro

Gly

Pro

Ala

105

Gly

Pro

Pro

Gly

Pro

185

ASDP

Gly

10

Pro

Gly

ala

Pro

Gly

S0

Pro

2la

Gly

Pro

Pro

170

Gly

Pro

ASp

Ala

Pro

Pro

Gly

Ala

75

Pro

Gly

Pro

Ala

Gly

155

Pro

Pro

Gly

Pro

Hig

Gly

Pro

Pro

60

Gly

Ala

Pro

Gly

Pro

140

Ala

Gly

Pro

Pro

Gly
220

Gly

Ser

Gly

45

Pro

Pro

Gly

Ala

Pro

125

Gly

Pro

Ala

Gly

Pro
205

Pro

590

Pro

Gly

Pro

Ala

Gly

670

Ala

Pro

Gly

produced repetitive

Pro

ATrg

30

Ser

Gly

Pro

Pro

Gly

110

Ala

Pro

Gly

Pro

Ala

120

Gly

Pro

2la

Gly

Ala

Pro

Gly

655

Pro

Pro

Gly

Pro

2la

15

ASpP

Arg

Ser

Gly

Pro

S5

Pro

Gly

2la

Pro

Gly

175

Pro

2la

Gly

US 8,188,230 B2

Gly

Pro

Pro

Gly

640

Pro

Ala

Gly

2la

Lys
720

Gly

Pro

ASp

ATrg

Ser

80

Gly

Pro

Pro

Gly

Ala

160

Pro

Gly

Pro

Ala

48



Hig

225

Gly

Pro

Gly

Pro

ASpP

305

ATrg

Ser

Gly

Pro

Pro

385

Gly

Ala

Pro

Gly

His

465

Gly

Pro

Gly

Pro

ASP

545

Arg

Ser

Gly

Pro

Pro
625

Gly

Gly

ala

Pro

Gly

290

Pro

ASpP

Arg

Ser

Gly

370

Pro

Pro

Gly

2la

Pro

450

Gly

2la

Pro

Gly

530

Pro

ASp

Arg

Ser

Gly

610

Pro

Pro

Pro

Hig

Gly

Pro

275

Pro

Gly

Pro

ASP

ATrg

355

Ser

Gly

Pro

Pro

Gly

435

Ala

Pro

His

Gly

Pro

515

Pro

Gly

Pro

ASP

ATg

595

Ser

Gly

Pro

Ala

Gly

Ala

260

Gly

Pro

Pro

Gly

Pro

340

ASDP

ATg

Ser

Gly

Pro

420

Pro

Gly

Ala

Gly

Ala

500

Gly

Pro

Pro

Gly

Pro

580

ASP

ATrg

Ser

Gly

Gly

Pro

245

Pro

Ala

Gly

Pro

Pro

325

Gly

Pro

Asp

Arg

Ser

405

Gly

Pro

Pro

Gly

Pro

485

Pro

Ala

Gly

Pro

Pro

565

Gly

Pro

AsSp

Arg

Ser

Pro

230

Ala

Gly

Pro

Ala

Gly

310

Pro

Pro

Gly

Pro

ASP

390

ATrg

Ser

Gly

Pro

Pro

470

Ala

Gly

Pro

Ala

Gly

550

Pro

Pro

Gly

Pro

ASpP
630

ATrg

49

Gly
Pro
Gly
Pro
295
Ala
Gly
Pro
Pro
Gly
375
Pro
AsSp
Arg
Ser
Gly
455
Gly
Pro
Gly
Pro
535
Ala
Gly
Pro
Pro
Gly

615

Pro

AsSp

Gly

Pro

Ala

Pro

280

Gly

Pro

2la

Gly

Pro

360

Pro

Gly

Pro

ASP

Arg

440

Ser

Gly

Pro

2la

Pro

520

Gly

Pro

Ala

Gly

Pro

600

Pro

Gly

Pro

Ala

Gly

265

Ala

Pro

Gly

Pro

Ala

345

Gly

Pro

Pro

Gly

Pro

425

ASDP

ATrg

Ala

Gly

505

Ala

Pro

Gly

Pro

Ala

585

Gly

Pro

Pro

Gly

His

Gly

250

Pro

Gly

ala

Pro

Gly

330

Pro

2la

Gly

Pro

Pro

410

Gly

Pro

ASp

His

Gly

490

Pro

Gly

2la

Pro

Gly

570

Pro

ala

Gly

Pro

Pro

Gly

235

Ala

Pro

Pro

Gly

Ala

315

Pro

Gly

Pro

Ala

Gly

395

Pro

Pro

Gly

Pro

Gly

475

Ala

Pro

Pro

Gly

Ala

555

Pro

Gly

Pro

Ala

Gly
635

Pro

-continued

Pro

Higs

Gly

Pro

Pro

300

Gly

Ala

Pro

Gly

Pro

380

Ala

Gly

Pro

Pro

Gly

460

Pro

Hig

Gly

Pro

Pro

540

Gly

Ala

Pro

Gly

Pro

620

Ala

Gly

Ala

Gly

Ser

Gly

285

Pro

Pro

Gly

Ala

Pro

365

Gly

Pro

Ala

Gly

Pro

445

Pro

Ala

Gly

Ser

Gly

525

Pro

Pro

Gly

Ala

Pro

605

Gly

Pro

Ala

Gly

Pro

Arg

270

Ser

Gly

Pro

Pro

Gly

350

Ala

Pro

Gly

Pro

Ala

430

Gly

Pro

Gly

Pro

ATg

510

Ser

Gly

Pro

Pro

Gly

590

Ala

Pro

Gly

Pro

Pro

ala

255

ASpP

ATrg

Ser

Gly

Pro

335

Pro

Gly

2la

Pro

Gly

415

Pro

2la

Gly

Pro

2la

495

ASP

Arg

Ser

Gly

Pro

575

Pro

Gly

2la

Pro

Gly

US 8,188,230 B2

Lys

240

Gly

Pro

ASDP

ATrg

Ser

320

Gly

Pro

Pro

Gly

2la

400

Pro

Gly

Pro

b2la

Lys

480

Gly

Pro

ASp

Arg

Ser

560

Gly

Pro

Pro

Gly

2la
640

Pro

50



Ala

Pro

Gly

His

705

Gly

Pro

Gly

Pro

ASP

785

Arg

Ser

Gly

Pro

Pro

865

Gly

Ala

Pro

Gly

Hig
045

<210>
<211>
<212 >
<213>
<220>
<223 >

Gly

Ala

Pro

690

Gly

2la

Pro

Gly

770

Pro

ASp

Arg

Ser

Gly

850

Pro

Pro

Gly

ala

Pro

930

Gly

Pro

Gly

675

Ala

Pro

His

Gly

Pro

755

Pro

Gly

Pro

ASP

ATg

835

Ser

Gly

Pro

Pro

Gly

915

Ala

Pro

Pro

660

Pro

Gly

Ala

Gly

Ala

740

Gly

Pro

Pro

Gly

Pro

820

ASP

ATrg

Ser

Gly

Pro

900

Pro

Gly

Ala

PRT

seduernce

<400> SEQUENCE:

645

Gly

Pro

Pro

Gly

Pro

725

Pro

Ala

Gly

Pro

Pro

805

Gly

Pro

AsSp

Arg

Ser

885

Gly

Pro

Pro

Gly

SEQ ID NO 6
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

960

6

Ser

Gly

Pro

Pro

710

Ala

Gly

Pro

Ala

Gly

790

Pro

Pro

Gly

Pro

ASpP

870

ATrg

Ser

Gly

Pro

Pro
S50

Gly Ala His Gly Pro Ala

1

5

Pro Lys Gly Ala Gln Gly

20

Gly Pro Pro Gly Ala Gln

35

Pro Gly Pro Pro Gly Ala

51

Arg
Ser
Gly
695
Gly
Pro
Gly
Pro
775
Ala
Gly
Pro
Pro
Gly
865
Pro
Asp
Arg

Ser

Gly
935

ASP

Arg

680

Ser

Gly

Pro

2la

Pro

760

Gly

Pro

Ala

Gly

Pro

840

Pro

Gly

Pro

ASP

ATy

920

Ser

Gly

Pro
665

ASP

Ala

Gly

745

Ala

Pro

Gly

Pro

Ala

825

Gly

Pro

Pro

Gly

Pro

905

ASP

Arg

Ala

650

Gly

Pro

ASDP

His

Gly

730

Pro

Gly

2la

Pro

Gly

810

Pro

ala

Gly

Pro

Pro

890

Gly

Pro

ASp

His

Pro

Gly

Pro

Gly

715

Ala

Pro

Pro

Gly

Ala

795

Pro

Gly

Pro

Ala

Gly

875

Pro

Pro

Gly

Pro

Gly
955

-continued

Pro

Pro

Gly

700

Pro

Hig

Gly

Pro

Pro

780

Gly

Ala

Pro

Gly

Pro

860

Ala

Gly

Pro

Pro

Gly

940

Pro

Gly

Pro

685

Pro

Ala

Gly

Ser

Gly

765

Pro

Pro

Gly

Ala

Pro

845

Gly

Pro

Ala

Gly

Pro

525

Pro

Ala

Illustrative recombinantly

Gly

Pro

Gly

Gln

Pro

2la

Pro
40

Gly

Gly
25

Ala

Pro

Gly Ala His

10

Pro Gly Gly

Gly Pro Gly

Ala Gly Pro

Gly

Ser

Gly
45

Gly

Ala

670

Gly

Pro

Gly

Pro

ATg

750

Ser

Gly

Pro

Pro

Gly

830

Ala

Pro

Gly

Pro

Ala

910

Gly

Pro

Gly

produced repetitive

655

Pro

Ala

Gly

Pro

2la

735

ASP

Arg

Ser

Gly

Pro

815

Pro

Gly

2la

Pro

Gly

895

Pro

ala

Gly

Pro

US 8,188,230 B2

Gly

Pro

Ala

Lys

720

Gly

Pro

ASp

ATrg

Ser

800

Gly

Pro

Pro

Gly

2la

880

Pro

Gly

Pro

Ala

Lys
560

Pro Ala Gly

15

Arg Asp Pro

30

ser Arg Asp

Gly Ser Arg

52



ASP

65

ATrg

Ser

Gly

Gly

Pro

145

Gly

Ala

Pro

Gly

Hig

225

Gly

Pro

Gly

Pro

ASp

305

ATg

Ser

Gly

Gly

Pro

385

Gly

Ala

Pro

Gly

Hig
465

50

Pro

ASp

ATy

Sexr

Gly

130

Gly

Pro

Gly

ala

Pro

210

Gly

ala

Pro

Gly

290

Pro

ASpP

Arg

Ser

Gly

370

Gly

Pro

Gly

2la

Pro

450

Gly

Gly

Pro

ASP

Arg

115

Ser

Gly

Gly

Pro

Gly

195

Ala

Pro

Hig

Gly

Pro

275

Pro

Gly

Pro

ASP

ATrg

355

Ser

Gly

Gly

Pro

Gly

435

Ala

Pro

Pro

Gly

Pro

100

ASP

ATrg

Ser

Gly

Gly

180

Pro

Gly

Ala

Gly

Ala

260

Gly

Pro

Pro

Gly

Pro

340

ASP

ATJg

Ser

Gly

Gly

420

Pro

Gly

Ala

Pro

Pro

85

Gly

Pro

Asp

Arg

Ser

165

Gly

Gly

Pro

Gly

Pro

245

Gln

Ala

Gly

Pro

Pro

325

Gly

Pro

Asp

Arg

Ser

405

Gly

Gly

Pro

Gly

Gly

70

Pro

Pro

Gly

Pro

ASpP

150

ATy

Ser

Gly

Gly

Pro

230

Ala

Gly

Gln

Ala

Gly

310

Pro

Pro

Gly

Pro

ASpP

390

ATg

Ser

Gly

Gly

Pro
4770

53

55

Ala
Gly
Pro
Pro
Gly
135
Pro
Asp
Arg
Ser
Gly
215
Gly
Pro
Gly
Gln
295
Ala
Gly
Pro
Pro
Gly
375
Pro
Asp
Arg

Ser

Gly
455

Gln

Ala

Gly

Pro

120

Pro

Gly

Pro

ASP

ATy

200

Ser

Gly

Pro

2la

Pro

280

Gly

Gln

Ala

Gly

Pro

360

Pro

Gly

Pro

ASpP

ATrg

440

Ser

Gly

Gly

Gln

Ala

105

Gly

Pro

Pro

Gly

Pro

185

ASP

Arg

Ala

Gly

265

Ala

Pro

Gly

Gln

Ala

345

Gly

Pro

Pro

Gly

Pro

425

ASDP

ATrg

Ala

Pro

Gly

50

Gln

Ala

Gly

Pro

Pro

170

Gly

Pro

ASp

His

Gly

250

Pro

Gly

Ala

Pro

Gly

330

Gln

2la

Gly

Pro

Pro

410

Gly

Pro

ASpP

His

Ala

75

Pro

Gly

Gln

Ala

Gly

155

Pro

Pro

Gly

Pro

Gly

235

Ala

Gly

Pro

Gly

Ala

315

Pro

Gly

Gln

Ala

Gly

395

Pro

Pro

Gly

Pro

Gly
475

-continued

60

Gly

Ala

Pro

Gly

Gln

140

Ala

Gly

Pro

Pro

Gly

220

Pro

His

Gly

Gly

Pro

300

Gly

Ala

Pro

Gly

Gln

380

Ala

Gly

Pro

Pro

Gly

460

Pro

Pro

Gly

Ala

Pro

125

Gly

Gln

Ala

Gly

Pro

205

Pro

Ala

Gly

Ser

Gly

285

Gly

Pro

Gly

Ala

Pro

365

Gly

Gln

Ala

Gly

Pro

445

Pro

Ala

Gly

Pro

Gly

110

2la

Pro

Gly

Gln

Ala

120

Gly

Pro

Gly

Pro

ATrg

270

Ser

Gly

Gly

Pro

Gly

350

Ala

Pro

Gly

Gln

Ala

430

Gly

Pro

Gly

Gly

Gly

55

Pro

Gly

2la

Pro

Gly

175

Gln

ala

Gly

Pro

ala

255

ASP

Arg

Ser

Gly

Gly

335

Pro

Gly

ala

Pro

Gly

415

Gln

2la

Gly

Pro

US 8,188,230 B2

Ser

80

Gly

Gly

Pro

Gly

2la

160

Pro

Gly

Gln

Ala

Lys

240

Gly

Pro

ASpP

Arg

Ser

320

Gly

Gly

Pro

Gly

Ala

400

Pro

Gly

Gln

2la

Lys
480

54



Gly

Pro

Gly

Pro

ASp

545

ATg

Ser

Gly

Gly

Pro

625

Gly

Ala

Pro

Gly

Hig

705

Gly

Pro

Gly

Pro

ASpP

785

ATrg

Ser

Gly

Gly

Pro

865

Gly

Ala

2la

Pro

Gly

530

Pro

ASpP

Arg

Ser

Gly

610

Gly

Pro

Gly

2la

Pro

690

Gly

2la

Pro

Gly

770

Pro

ASpP

Arg

Sexr

Gly

850

Gly

Pro

Gly

His

Gly

Pro

515

Pro

Gly

Pro

ASP

ATrg

595

Ser

Gly

Gly

Pro

Gly

675

Ala

Pro

His

Gly

Pro

755

Pro

Gly

Pro

ASP

Arg

835

Ser

Gly

Gly

Pro

Gly

Ala

500

Gly

Pro

Pro

Gly

Pro

580

ASP

ATJg

Ser

Gly

Gly

660

Pro

Gly

Ala

Gly

Ala

740

Gly

Pro

Pro

Gly

Pro

820

ASP

ATg

Ser

Gly

Gly
900

Pro

485

Gln

2la

Gly

Pro

Pro

565

Gly

Pro

Asp

Arg

Ser

645

Gly

Gly

Pro

Gly

Pro

725

Gln

2la

Gly

Pro

Pro

805

Gly

Pro

AsSp

ATy

Ser
885

Gly

Ala

Gly

Gln

Ala

Gly

550

Pro

Pro

Gly

Pro

ASpP

630

ATg

Ser

Gly

Gly

Pro

710

Ala

Gly

Gln

Ala

Gly

790

Pro

Pro

Gly

Pro

ASP

870

ATrg

Ser

3

Gly

Pro

Gly

Gln

535

Ala

Gly

Pro

Pro

Gly

615

Pro

Asp

Arg

Ser

Gly

695

Gly

Pro

Gly

Gln

775

Ala

Gly

Pro

Pro

Gly

855

Pro

Asp

Arg

Pro

Ala

Pro

520

Gly

Gln

Ala

Gly

Pro

600

Pro

Gly

Pro

ASpP

ATrg

680

Ser

Gly

Pro

Ala

Pro

760

Gly

Gln

2la

Gly

Pro

840

Pro

Gly

Pro

ASDP

Gly

505

Ala

Pro

Gly

Gln

Ala

585

Gly

Pro

Pro

Gly

Pro

665

ASDP

Ala

Gly

745

Ala

Pro

Gly

Gln

Ala

825

Gly

Pro

Pro

Gly

Pro
905

Gly

490

Pro

Gly

Ala

Pro

Gly

570

Gln

2la

Gly

Pro

Pro

650

Gly

Pro

ASpP

His

Gly

730

Pro

Gly

2la

Pro

Gly

810

Gln

Ala

Gly

Pro

Pro
890

Gly

Ala

Gly

Pro

Gly

A2la

555

Pro

Gly

Gln

Ala

Gly

635

Pro

Pro

Gly

Pro

Gly

715

Ala

Gly

Pro

Gly

Ala

795

Pro

Gly

Gln

Ala

Gly

875

Pro

Pro

-continued

His

Gly

Gly

Pro

540

Gly

Ala

Pro

Gly

Gln

620

Ala

Gly

Pro

Pro

Gly

700

Pro

Hig

Gly

Gly

Pro

780

Gly

Ala

Pro

Gly

Gln

860

Ala

Gly

Pro

Gly

Ser

Gly

525

Gly

Pro

Gly

Ala

Pro

605

Gly

Gln

Ala

Gly

Pro

685

Pro

Ala

Gly

Ser

Gly

765

Gly

Pro

Gly

Ala

Pro

845

Gly

Gln

Ala

Gly

Pro

ATrg

510

Ser

Gly

Gly

Pro

Gly

590

Ala

Pro

Gly

Gln

Ala

670

Gly

Pro

Gly

Pro

ATg

750

Ser

Gly

Gly

Pro

Gly

830

Ala

Pro

Gly

Gln

Ala
910

Ala
495

ASpP

ATrg

Ser

Gly

Gly

575

Pro

Gly

ala

Pro

Gly

655

Gln

2la

Gly

Pro

2la

735

ASP

Arg

Ser

Gly

Gly

815

Pro

Gly

2la

Pro

Gly

895

Gln

US 8,188,230 B2

Gly

Pro

ASpP

Ser

560

Gly

Gly

Pro

Gly

Ala

640

Pro

Gly

Gln

2la

Lys

720

Gly

Pro

ASp

ATrg

Ser

800

Gly

Gly

Pro

Gly

Ala

880

Pro

Gly

56



S7

-continued

Pro Ala Gly Pro Gly Gly Ser Arg Asp Pro Gly Pro Pro

015

020

925

Gly Pro Ala Gly Pro Gly Gly Ser Arg Asp Pro Gly Pro

930

935

940

Higs Gly Pro Ala Gly Pro Lys Gly Ala His Gly Pro Ala

945

<210>
<«211>
<212>
<213>
<220>
<223 >

PRT

sedquerlice

<400> SEQUENCE:

Gly

1

Pro

Gly

Pro

ASpP

65

ATrg

Ser

Gly

Gly

145

Pro

Gly

Gln

Ala

Gly

225

Pro

Pro

Ala

Gly

Ser
305

2la

Lys

Pro

Gly

50

Pro

ASpP

Arg

Ser

Gly

130

Pro

2la

Pro

Gly

Gln

210

2la

Gly

Pro

Gly

Pro
290

Arg

His

Gly

Pro

35

Pro

Gly

Pro

ASP

Arg

115

Ala

Gly

Ala

Pro

195

Gly

Gln

Ala

Gly

Pro

275

Ala

ASP

Gly

Ala

20

Gly

Pro

Pro

Gly

Pro

100

ASDP

His

Gly

Pro

Gly

180

Ala

Pro

Gly

Gln

Ala

260

Gly

Pro

SEQ ID NO 7
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

552

7

Pro

Gln

Ala

Gly

Pro

Pro

85

Gly

Pro

Gly

Ala

Gly

165

Pro

Gly

Ala

Pro

Gly

245

His

Gly

Pro

Gly

950

Ala

Gly

Gln

Ala

Gly

70

Pro

Pro

Gly

Pro

Hig

150

Gly

Gly

Pro

Gly

Ala

230

Pro

Gly

Ala

Pro
3210

055

Illustrative recombinantly

Gly

Pro

Gly

Gln

55

Ala

Gly

Pro

Pro

Ala

135

Gly

Ser

Gly

Gly

Pro

215

Gly

Ala

Pro

Hig

Gly

295

Pro

Pro

Ala

Pro

40

Gly

Gln

2la

Gly

Pro

120

Gly

Pro

Arg

Ser

Gly

200

Gly

Pro

Gly

Ala

Gly

280

Ala

Gly

Gly

25

Ala

Pro

Gly

Gln

Ala

105

Gly

Pro

Ala

ASDP

ATrg

185

Ser

Gly

Gly

Pro

Gly

265

Pro

Gln

Ala

Gly

10

Pro

Gly

2la

Pro

Gly

90

Gln

2la

Gly

Pro

170

ASpP

Arg

Ser

Gly

Gly

250

Pro

ala

Gly

Gln

Ala

Gly

Pro

Gly

Ala

75

Pro

Gly

His

Gly

Pro

155

Gly

Pro

ASpP

ATrg

Ser

235

Gly

Gly

Pro

Gly
315

Hig

Gly

Gly

Pro

60

Gly

Ala

Pro

Gly

Ala

140

Pro

Gly

Pro

ASpP

220

AYg

Ser

Gly

Pro

Ala
300

Pro

Gly

Ser

Gly

45

Gly

Pro

Gly

Ala

Pro

125

His

Gly

Pro

Pro

Gly

205

Pro

Asp

Arg

Ala

Lys

285

Gly

Ala

US 8,188,230 B2

Gly Ala Gln

Pro Gly Ala

Gly Pro Lys

produced repetitive

Pro

ATg

30

Ser

Gly

Gly

Pro

Gly

110

Ala

Gly

Ala

Gly

Pro

190

Pro

Gly

Pro

ASP

His

270

Gly

Pro

Gly

2la

15

ASP

Arg

Ser

Gly

Gly

o5

Pro

Gly

Pro

Gln

2la

175

Gly

Pro

Pro

Gly

Pro

255

Gly

ala

Gly

Pro

960

Gly

Pro

ASDP

ATrg

Ser

80

Gly

Gly

Pro

b2la

Gly

160

Gln

2la

Gly

Pro

Pro

240

Gly

Pro

Hig

Gly

Gly
320



Gly

Gly

Pro

Gly

Ala

385

Pro

Hig

Gly

Pro

Pro

465

Gly

Pro

ASP

Arg

Ala
545

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

Ser

Gly

Gly

Pro

370

Gly

Ala

Gly

Ala

Gly

450

Pro

Pro

Gly

Pro

ASp

530

His

Arg

Ser

Gly

355

Gly

Pro

Gly

Pro

Gln

435

Ala

Gly

Pro

Pro

Gly

515

Pro

Gly

ASDP

AT

340

Ser

Gly

Gly

Pro

Ala

420

Gly

Gln

Ala

Gly

Pro

500

Pro

Gly

Pro

PRT

sedquerice

SEQUENCE :

Gly Ala His Gly

1

Pro

Ala

Gly

Ala

65

Gly

Gly

Pro

Lys

Gly

Pro

50

Gln

Gly

Pro

2la

Gly

Pro

35

Ala

Gly

Ala

Gly

Gly
115

Ala
20

Gly

Gly

Pro

Gln

Gly

100

Pro

Pro
325

AsSp

Ser

Gly

Lys

405

Gly

Pro

Gly

Gln

Ala

485

Gly

Pro

Pro

2la

SEQ ID NO 8
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

1008

8

Pro

Gln

Gly

Pro

2la

Gly

85

2la

Gly

Gly

Pro

ASP

ATrg

Ser

390

Gly

Pro

Ala

Pro

Gly

470

Gln

Ala

Gly

Pro

Gly
550

Ala

Gly

Ala

Gly

Gly

70

Pro

Gln

Gly

59

Pro

Gly

Pro

AsSp

375

Arg

Ala

Gly

Ala

455

Pro

Gly

Gln

Ala

Gly

535

Pro

Pro

Pro

Gly

360

Pro

ASP

His

Gly

Pro

440

Gly

2la

Pro

Gly

Gln

520

Ala

Gly

Pro

345

Pro

Gly

Pro

Gly

Ala

425

Gly

Pro

Gly

Ala

Pro

505

Gly

His

2la

330

Gly

Pro

Pro

Gly

Pro

410

His

Gly

Gly

Pro

Gly

490

2la

Pro

Gly

Gln

Ala

Gly

Pro

Pro

395

Ala

Gly

Ser

Gly

Gly

475

Pro

Gly

Ala

Pro

-continued

Gly

Gln

Ala

Gly

380

Pro

Gly

Pro

AT

Ser

460

Gly

Gly

Pro

Gly

Ala
540

Pro

Gly

Gln

365

Ala

Gly

Pro

Ala

Asp

445

Arg

Ser

Gly

Gly

Pro

525

Gly

Illustrative recombinantly

Gly

Pro

Gln

Gly

55

Pro

Ala

Gly

bAla

Pro

2la

Gly

40

Ala

Gly

Gly

Pro

Gln
120

Gly
25

Pro

Gln

Gly

Pro

Ala
105

Gly

Gly

10

Pro

2la

Gly

2la

Gly
90

Gly

Pro

Ala

Gly

Gly

Pro

Gln
75

Gly

Pro

Ala

His

Gly

Pro

Ala

60

Gly

Ala

Gly

Gly

Gly

Ala

Gly

45

Gly

Pro

Gln

Gly

Pro
125

Ala

Pro

350

Gly

Gln

Ala

Gly

430

Pro

ASP

ATg

Ser

Gly

510

Gly

Pro

produced repetitive

Pro

Gln
30

Gly

Pro

Ala

Gly

Ala
110

Gly

Gly

335

ala

Pro

Gly

Hig

Gly

415

Pro

Gly

Pro

ASP

Arg

495

Ser

Gly

Ala

15

Gly

2la

Gly

Gly

Pro

55

Gln

Gly

US 8,188,230 B2

Pro

Gly

Ala

Pro

Gly

400

Ala

Pro

Gly

Pro

480

ASp

Ser

Gly

Gly

Pro

Gln

Gly

Pro

80

Ala

Gly

Ala

60



Gln

Gly

145

Pro

Ala

Gly

Ala

Gly

225

Gly

Pro

Gln

Gly

Pro

305

Ala

Gly

Ala

Gly

Gly

385

Pro

Gln

Gly

Pro

Ala

4165

Gly

Ala

Gly

Pro

Gly

130

ala

Gly

Gly

Pro

Gln

210

Gly

Pro

2la

Gly

A2la

290

Gly

Gly

Pro

Gln

Gly

370

Pro

2la

Gly

2la

Gly

450

Gly

Pro

Hig

Gly

Pro
530

2la

Pro

Gln

Gly

Pro

Ala

195

Gly

Ala

Gly

Pro

275

Gln

Gly

Pro

Ala

Gly

355

Ala

Gly

Gly

Pro

Gln

435

Gly

Pro

Ala

Gly

Ala

515

Gly

Gly

Ala

Gly

Ala

Gly

180

Gly

Pro

Gln

Gly

Pro

260

Ala

Gly

Ala

Gly

Gly

340

Pro

Gln

Gly

Pro

Ala

420

Gly

Ala

Gly

Gly

Pro

500

His

Gly

Pro

Gly

Pro

Gln

165

Gly

Pro

Ala

Gly

Ala

245

Gly

Pro

Gln

Gly

325

Pro

2la

Gly

Ala

Gly

405

Gly

Pro

Gln

Gly

Pro

485

Ala

Gly

Ala

Gly

Pro

Ala

150

Gly

Ala

Gly

Gly

Pro

230

His

Gly

Pro

Ala

Gly

310

Ala

Gly

Gly

Pro

Gln

390

Gly

Pro

Ala

Gly

Ala

470

Gly

Gly

Pro

Gln

Gly

61

Gly
135
Gly
Pro
Gln
Gly
Pro
215
Ala
Gly
Ala
Gly
Gly
295
Pro
Gln
Gly

Pro

Ala
375
Gly
Ala
Gly
Gly
Pro
455
Gln
Gly
Pro

Ala

Gly
535

Ala

Gly

Pro

Ala

Gly

Ala

200

Gly

Gly

Pro

His

Gly

280

Pro

Ala

Gly

Ala

Gly

360

Gly

Pro

Gln

Gly

Pro

440

Ala

Gly

Ala

Gly
520

Pro

Gln

Ala

Gly

Gly

Pro

185

Gln

Gly

Pro

Ala

Gly

265

Ala

Gly

Gly

Pro

Gln

345

Gly

Pro

Ala

Gly

Ala

425

Gly

Gly

Pro

His

Gly

505

Pro

Ala

Gly

Gln

Gly

Pro

170

2la

Gly

Ala

Gly

Gly

250

Pro

Gln

Gly

Pro

ala

330

Gly

2la

Gly

Gly

Pro

410

Gln

Gly

Pro

2la

Gly

490

ala

Gly

Pro

Gly

Ala

155

Gly

Gly

Pro

Gln

Gly

235

Pro

Ala

Gly

Ala

Gly

315

Gly

Pro

Gln

Gly

Pro

395

Ala

Gly

Ala

Gly

Gly

475

Pro

His

Gly

Pro

Ala

-continued

Pro

140

Gln

Gly

Pro

Ala

Gly

220

Ala

Gly

Pro

Gln

300

Gly

Pro

Ala

Gly

Ala
280

Gly

Gly

Pro

Gln

Gly

460

Pro

Ala

Gly

Ala

Gly
540

Gly

Ala

Gly

Ala

Gly

Gly

205

Pro

His

Gly

Pro

Ala

285

Gly

Ala

Gly

Gly

Pro

365

Gln

Gly

Pro

Ala

Gly

445

Ala

Gly

Gly

Pro

Gln
525

Gly

Pro

Gly

Pro

Gln

Gly

190

Pro

Ala

Gly

2la

Lys

270

Gly

Pro

Gln

Gly

Pro

350

Ala

Gly

Ala

Gly

Gly

430

Pro

Gln

Gly

Pro

Ala

510

Gly

Ala

Gly

Pro

ala

Gly

175

2la

Gly

Gly

Pro

His

255

Gly

Pro

2la

Gly

ala

335

Gly

Gly

Pro

Gln

Gly

415

Pro

2la

Gly

2la

Lys

495

Gly

Pro

Gln

Gly

US 8,188,230 B2

Gly

Gly

160

Pro

Gln

Gly

Pro

2la

240

Gly

Ala

Gly

Gly

Pro

320

Gln

Gly

Pro

Ala

Gly

400

2la

Gly

Gly

Pro

Gln

480

Gly

Pro

Ala

Gly

Ala

62



545

Gln

Gly

Pro

Ala

Gly

625

Ala

Gly

Gly

Pro

Gln

705

Gly

Pro

Ala

Gly

Ala

785

Gly

Gly

Pro

Gln

Gly

865

Pro

Ala

Gly

Ala

Gly

945

Gly

Gly

Ala

Gly

Gly

610

Pro

Gln

Gly

Pro

ala

690

Gly

2la

Gly

Gly

Pro

770

Gln

Gly

Pro

2la

Gly

850

ala

Gly

Gly

Pro

Gln

930

Gly

Pro

Pro

Gln

Gly

595

Pro

Ala

Gly

Ala

Gly

675

Gly

Pro

Gln

Gly

Pro

755

Ala

Gly

Ala

Gly

Gly

835

Pro

Gln

Gly

Pro

Ala

015

Gly

Ala

Gly

Ala

Gly

580

Ala

Gly

Gly

Pro

Gln

660

Gly

Pro

Ala

Gly

Ala

740

Gly

Pro

Gln

Gly

820

Pro

Ala

Gly

Ala

Gly

900

Gly

Pro

Gln

Gly

Gly

565

Pro

Gln

Gly

Pro

Ala

645

Gly

2la

Gly

Gly

Pro

725

Hig

Gly

Pro

Ala

Gly

805

Ala

Gly

Gly

Pro

Gln

885

Gly

Pro

Ala

Gly

2la
965

550

Pro

Ala

Gly

Ala

Gly

630

Gly

Pro

Gln

Gly

Pro

710

Ala

Gly

Ala

Gly

790

Pro

Gln

Gly

Pro

Ala

870

Gly

Ala

Gly

Gly

Pro

950

Gln

63

Gly
Gly
Pro
Gln
615
Gly
Pro
Ala
Gly
Ala
695
Gly
Gly
Pro
Hig
Gly
775
Pro
Ala
Gly
bAla
Gly
g55
Gly
Pro
Gln
Gly
Pro
935

Ala

Gly

Gly

Pro

2la

600

Gly

Ala

Gly

Gly

Pro

680

Gln

Gly

Pro

Ala

Gly

760

2la

Gly

Gly

Pro

Gln

840

Gly

Pro

Ala

Gly

Ala

920

Gly

Gly

Pro

Ala

Gly

585

Gly

Pro

Gln

Gly

Pro

665

Ala

Gly

Ala

Gly

Gly

745

Pro

Gln

Gly

Pro

Ala

825

Gly

Ala

Gly

Gly

Pro

905

Gln

Gly

Pro

Ala

Gln

570

Gly

Pro

Ala

Gly

2la

650

Gly

Gly

Pro

Gln

Gly

730

Pro

2la

Gly

Ala

Gly

810

Gly

Pro

Gln

Gly

Pro

890

2la

Gly

2la

Gly

Gly
970

555

Gly

Ala

Gly

Gly

Pro

635

Gln

Gly

Pro

Ala

Gly

715

Ala

Gly

Pro

Gln

795

Gly

Pro

Ala

Gly

Ala

875

Gly

Gly

Pro

Gln

Gly

955

Pro

-continued

Pro

Gln

Gly

Pro

620

Ala

Gly

Ala

Gly

Gly

700

Pro

Gln

Gly

Pro

Ala

780

Gly

Ala

Gly

Gly

Pro

860

Gln

Gly

Pro

Ala

Gly

940

Ala

Gly

Ala

Gly

Ala

605

Gly

Gly

Pro

Gln

Gly

685

Pro

Ala

Gly

Ala

Lys

765

Gly

Pro

Gln

Gly

Pro

845

Ala

Gly

Ala

Gly

Gly

525

Pro

Gln

Gly

Gly

Pro

590

Gln

Gly

Pro

Ala

Gly

670

Ala

Gly

Gly

Pro

Hig

750

Gly

Pro

Ala

Gly

Ala

830

Gly

Gly

Pro

Gln

Gly

910

Pro

Ala

Gly

Ala

Pro

575

Ala

Gly

Ala

Gly

Gly

655

Pro

Gln

Gly

Pro

2la

735

Gly

2la

Gly

Gly

Pro

815

Gln

Gly

Pro

ala

Gly

895

2la

Gly

Gly

Pro

Gln
Q75

US 8,188,230 B2

560

Gly

Gly

Pro

Gln

Gly

640

Pro

2la

Gly

Ala

Gly

720

Gly

Pro

His

Gly

Pro

800

Ala

Gly

Ala

Gly

Gly

880

Pro

Gln

Gly

Pro

2la

560

Gly

64



Pro Ala Gly Pro

980

His Gly Pro Ala

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

005

SEQ ID NO
LENGTH: ©
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

PRT

SEQUENCE :

65

-continued

US 8,188,230 B2

Gly Gly Ala Gln Gly Pro Ala Gly Pro Gly Gly Ala

985

990

Gly Pro Lys Gly Ala His Gly Pro Ala Gly Pro Lys

5

1000

1005

Illustrative amino acid sequence

Gly Ala Gln Gly Pro Ala Gly Pro Gly

1

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

PRT

seduelice

SEQUENCE :

Gly Ala Pro Ser

1

Gly

Gln

Gln

Leu

65

Ser

Gly

Pro

Pro

Ala

145

Ala

Gly

Gly

Gln

Gln

225

Leu

Ser

Ala

Gly

Gly

50

Gln

Gln

Leu

Ser

Gly

130

Pro

Pro

2la

Ala

Gly

210

Gly

Gln

Gln

Pro

Ala

35

Ala

Gly

Gly

Gln

Gln

115

Leu

Ser

Gly

Pro

Pro

195

Ala

Ala

Gly

Gly

Gly

20

Pro

Pro

Ala

Ala

Gly

100

Gly

Gln

Gln

Leu

Ser

180

Gly

Pro

Pro

Ala

Ala
260

5

SEQ ID NO 10
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

748

10

Gln

5

Leu

Ser

Gly

Pro

Pro

85

Ala

2la

Gly

Gly

Gln

165

Gln

Leu

Ser

Gly

Pro
245

Pro

Gly

Gln

Gln

Leu

Ser

70

Gly

Pro

Pro

Ala

Ala

150

Gly

Gly

Gln

Gln

Leu

230

Ser

Gly

Illustrative recombinantly

Ala

Gly

Gly

Gln

55

Gln

Leu

Ser

Gly

Pro

135

Pro

Ala

Ala

Gly

Gly

215

Gln

Gln

Leu

Pro

Ala

2la

40

Gly

Gly

Gln

Gln

Leu

120

Ser

Gly

Pro

Pro

Ala

200

Ala

Gly

Gly

Gln

Gly

Pro

25

Pro

Ala

Ala

Gly

Gly

105

Gln

Gln

Leu

Ser

Gly

185

Pro

Pro

Ala

Ala

Gly
265

Leu

10

Sexr

Gly

Pro

Pro

2la

S0

ala

Gly

Gly

Gln

Gln

170

Leu

Sexr

Gly

Pro

Pro
250

2la

Gln

Gln

Leu

Ser

Gly

75

Pro

Pro

Ala

Ala

Gly

155

Gly

Gln

Gln

Leu

Ser

235

Gly

Pro

Gly

Gly

Gln

Gln

60

Leu

Ser

Gly

Pro

Pro

140

Ala

Ala

Gly

Gly

Gln

220

Gln

Leu

Ser

Ala

Ala

Gly

45

Gly

Gln

Gln

Leu

Ser

125

Gly

Pro

Pro

Ala

Ala

205

Gly

Gly

Gln

Gln

produced repetitive

Pro

Pro

30

Ala

Ala

Gly

Gly

Gln

110

Gln

Leu

Ser

Gly

Pro

120

Pro

Ala

Ala

Gly

Gly
270

Ser

15

Gly

Pro

Pro

2la

2la

S5

Gly

Gly

Gln

Gln

Leu

175

Ser

Gly

Pro

Pro

2la
255

2la

Gln

Leu

Ser

Gly

Pro

80

Pro

Ala

Ala

Gly

Gly

160

Gln

Gln

Leu

Ser

Gly

240

Pro

Pro

06



Gly

Pro

Pro

305

Ala

Ala

Gly

Gly

Gln

385

Gln

Leu

Ser

Gly

Pro

465

Pro

Ala

Ala

Gly

Gly

545

Gln

Gln

Leu

Ser

Gly

625

Pro

Pro

Ala

Ala

Leu

Ser

290

Gly

Pro

Pro

Ala

2la

370

Gly

Gly

Gln

Gln

Leu

450

Ser

Gly

Pro

Pro

2la

530

2la

Gly

Gly

Gln

Gln

610

Leu

Ser

Gly

Pro

Pro

Gln

275

Gln

Leu

Ser

Gly

Pro

355

Pro

Ala

Ala

Gly

Gly

435

Gln

Gln

Leu

Ser

Gly

515

Pro

Pro

Ala

Ala

Gly

595

Gly

Gln

Gln

Leu

Ser
675

Gly

Gly

Gly

Gln

Gln

Leu

340

Ser

Gly

Pro

Pro

Ala

420

Ala

Gly

Gly

Gln

Gln

500

Leu

Ser

Gly

Pro

Pro

580

Ala

Ala

Gly

Gly

Gln

660

Gln

Leu

2la

Ala

Gly

Gly

325

Gln

Gln

Leu

Ser

Gly

405

Pro

Pro

2la

Ala

Gly

485

Gly

Gln

Gln

Leu

Ser

565

Gly

Pro

Pro

2la

Ala

645

Gly

Gly

Gln

Pro

Pro

Ala

310

Ala

Gly

Gly

Gln

Gln

390

Leu

Ser

Gly

Pro

Pro

470

Ala

Ala

Gly

Gly

Gln

550

Gln

Leu

Ser

Gly

Pro

630

Pro

Ala

Ala

Gly

67

Ser
Gly
295
Pro
Pro
Ala
Ala
Gly
375
Gly
Gln
Gln
Leu
Ser
455
Gly
Pro
Pro
Ala
Ala
535
Gly
Gly
Gln
Gln
Leu
6lb
Ser
Gly

Pro

Pro

Ala

Gln

280

Leu

Ser

Gly

Pro

Pro

360

2la

2la

Gly

Gly

Gln

440

Gln

Leu

Ser

Gly

Pro

520

Pro

2la

Ala

Gly

Gly

600

Gln

Gln

Leu

Ser

Gly
680

Pro

Gly

Gln

Gln

Leu

Ser

345

Gly

Pro

Pro

Ala

Ala

425

Gly

Gly

Gln

Gln

Leu

505

Ser

Gly

Pro

Pro

Ala

585

Ala

Gly

Gly

Gln

Gln

665

Leu

Ser

2la

Gly

Gly

Gln

330

Gln

Leu

Ser

Gly

Pro

410

Pro

2la

2la

Gly

Gly

490

Gln

Gln

Leu

Ser

Gly

570

Pro

Pro

2la

2la

Gly

650

Gly

Gln

Gln

Pro

Ala

Ala

315

Gly

Gly

Gln

Gln

Leu

395

Ser

Gly

Pro

Pro

Ala

475

Ala

Gly

Gly

Gln

Gln

555

Leu

Ser

Gly

Pro

Pro

635

Ala

Ala

Gly

Gly

-continued

Gly

Pro

300

Pro

Ala

Ala

Gly

Gly

380

Gln

Gln

Leu

Ser

Gly

460

Pro

Pro

Ala

Ala

Gly

540

Gly

Gln

Gln

Leu

Ser

620

Gly

Pro

Pro

Ala

Ala

Leu

285

Ser

Gly

Pro

Pro

Ala

365

Ala

Gly

Gly

Gln

Gln

445

Leu

Ser

Gly

Pro

Pro

525

Ala

Ala

Gly

Gly

Gln

605

Gln

Leu

Ser

Gly

Pro
685

Pro

Gln

Gln

Leu

Ser

Gly

350

Pro

Pro

2la

Ala

Gly

430

Gly

Gln

Gln

Leu

Ser

510

Gly

Pro

Pro

Ala

Ala

590

Gly

Gly

Gln

Gln

Leu

670

Ser

Gly

Gly

Gly

Gln

Gln

335

Leu

Ser

Gly

Pro

Pro

415

2la

2la

Gly

Gly

Gln

495

Gln

Leu

Ser

Gly

Pro

575

Pro

ala

2la

Gly

Gly

655

Gln

Gln

Leu

US 8,188,230 B2

Ala

Ala

Gly

320

Gly

Gln

Gln

Leu

Ser

400

Gly

Pro

Pro

b2la

Ala

480

Gly

Gly

Gln

Gln

Leu

560

Ser

Gly

Pro

Pro

b2la

640

Ala

Gly

Gly

Gln

08



690

Gly Ala Pro Ser
705

Gly Ala Pro Gly

Gln Gly Ala Pro
740

<210> SEQ ID NO
<211> LENGTH: 7
<«212> TYPE: PRT

US 8,188,230 B2
69

-continued

695 700

Gln Gly Ala Pro Gly Leu Gln Gly Ala Pro Ser Gln
710 715 720

Leu Gln Gly Ala Pro Ser Gln Gly Ala Pro Gly Leu
725 730 735

Ser Gln Gly Ala Pro Gly Leu Gln
745

11

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Example amino acid sequence

<400> SEQUENCE:

Met Cys His His
1

<«210> SEQ ID NO
<211> LENGTH: 12
«212> TYPE: PRT

11

Higs Leu Met
5

12

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Example amino acid sequence

<400> SEQUENCE:

Gly Pro Ala Gly
1

<«210> SEQ ID NO
<211> LENGTH: 22
<«212> TYPE: PRT

12

Glu Arg Gly Pro Lys Gly Trp Met
5 10

13

<213> ORGANISM: Artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic amino acid sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<«222> LOCATION:

(3) ..(3)

«223> OTHER INFORMATION: Xaa 1is His or Met

<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION:

(6)..(6)

223> OTHER INFORMATION: Xaa is His or Met

<400> SEQUENCE:

Gly Pro Xaa Gly
1

Ala Pro Gly Phe
20

<210> SEQ ID NO
<211> LENGTH: 4
<«212> TYPE: PRT

2

Leu Xaa Gly Pro Arg Gly Pro Pro Gly Ala Ser Gly
5 10 15

Gln Gly

14

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Protease cleavage gite

<400> SEQUENCE:

Met Gly Pro Arg
1

<210> SEQ ID NO
<211> LENGTH: 7
<«212> TYPE: PRT

14

15

<213> ORGANISM: Artificial sequence

«220> FEATURE:

70



<223 >
<«220>
<221>
<222>
<223>

<«220>
<221>
<222>
<223 >

<220>
<«221>
<222>
<223 >

<220>
«221>
<222 >
223>

«220>
<221>
<222 >
<223 >

<400>

71

OTHER INFORMATION: Example amino

FEATURE :

NAME /KEY: misc feature
LOCATION: (1)

OTHER INFORMATION: Xaa
amino acid

FEATURE:

NAME /KEY: misc feature
LOCATION: (2)

OTHER INFORMATION: Xaa
amino acid

FEATURE :

NAME /KEY: misc_feature
LOCATION: (3)

OTHER INFORMATION: Xaa
amino acid

FEATURE :

NAME /KEY: misc feature
LOCATION: (4)

OTHER INFORMATION: Xaa
amino acid

FEATURE:
NAME /KEY: misc feature
LOCATION: (5) .. (6)

OTHER INFORMATION: Xaa

SEQUENCE: 3

Xaa Xaa Xaa Xaa Xaa Xaa Arg

1

<210>
<211>
«212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 16
LENGTH: 4
TYPE: PRT

ig Leu

ig Ile

is Val

is Met

can be

ORGANISM: Artificial Sequence

FEATURE:

oY

oY

oY

oY

any naturally occurring amino acid

US 8,188,230 B2

-continued

acid sequence

any

any

any

any

otherxr

other

other

otherxr

OTHER INFORMATION: Protease cleavage gite

SEQUENCE: 16

Arg Gly Pro Met

1

<210>
<211>
<212 >
<213>
<220>
<223 >
<220>
<221>
<222 >
<223 >

<400>

Met Leu Ile Val

1

<210>
<211>
<212 >
<213>

<400>

SEQ ID NO 17
LENGTH: 9

TYPE: PRT

ORGANISM: Artificial sequence

FEATURE:

naturally

naturally

naturally

naturally

OTHER INFORMATION: Example amino acid sequence

FEATURE :
NAME /KEY: misc feature
LOCATION: (B) .. (&)

OTHER INFORMATION: Xaa can be any naturally occurring amino acid

SEQUENCE: 17

5

SEQ ID NO 18
LENGTH: 4
TYPE: PRT
ORGANISM: Murine sp.

SEQUENCE: 18

Met Lys Gly His

1

<210>
<211>
<212 >
<213>

<400>

SEQ ID NO 19
LENGTH: 4
TYPE: PRT

ORGANISM: Murine sp.

SEQUENCE: 19

Xaa Xaa Arg Lys His

oCccurring

oCCcurring

oCccurring

oCccurring

72



73

Val Gly Ala Lys
1

<210> SEQ ID NO 20

<211> LENGTH: 4

<212> TYPRE: PRT

<213> ORGANISM: Murine sp.

<400> SEQUENCE: 20

Ile Lys Gly His
1

<210> SEQ ID NO 21

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 21

US 8,188,230 B2

-continued

gagcctggeg gttcaggtcece acgaggtcca atgggtccce ctgg

<210> SEQ ID NO 22

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

«223> OTHER INFORMATION: Primer

<400> SEQUENCE: 22

ccagggggac ccattggacce tcecgtggacct gaaccgccag gctce

<210> SEQ ID NO 23

<211l> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 23

ggagctcocctg gccagcecgagg tcecaatgggt ctgceccggtg agag

<210> SEQ ID NO 24

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

«223> OTHER INFORMATION: Primer

<400> SEQUENCE: 24

ctctcaccgg gcagacccat tggacctcege tggccaggag ctcec

<210> SEQ ID NO 25

<211l> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Primer HLP-PA-FW

<400> SEQUENCE: 25

gcgcectcecgaga aaagagaggce tgaagc

<210> SEQ ID NO 26
<211> LENGTH: 108
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

44

14

44

14

26

74
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-continued
<223> OTHER INFORMATION: Primer OVL-PA-FW
<400> SEQUENCE: 26
gcecgctcecgaga aaagagaggce tgaagctggt ccacceggtg agccaggtaa cccaggatct 60
cctggtaacce aaggacagcce cggtaacaag ggttcectccag gtaatcca 108
«210> SEQ ID NO 27
«211> LENGTH: 110
«212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer OVL-PA-RV
<400> SEQUENCE: 27
tgagaacctt gtggaccgtt ggaacctggce tcaccaggtt gtceccegttcectg accaggttga 60
ccaggttgac cttcecgtttcece tggttgacct ggattacctyg gagaaccctt 110
«210> SEQ ID NO 28
<211> LENGTH: 24
«212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
«220> FEATURE:
<223> OTHER INFORMATION: Primer HLP-PA-RV
<400> SEQUENCE: 28
tgagaacctt gtggaccgtt ggaa 24
<210> SEQ ID NO 29
«211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
«220> FEATURE:
<223> OTHER INFORMATION: Primer HLP-PB-FW
<400> SEQUENCE: 29
ttccaacggt ccacaagdtt ctca 24
«210> SEQ ID NO 30
<211> LENGTH: 115
«212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
«220> FEATURE:
<223> OTHER INFORMATION: Primer OVL-PB-FW
<400> SEQUENCE: 30
ttccaacggt ccacaaggtt ctcagggtaa ccctggaaag aatggtcaac ctggatcccc 60
aggttcacaa ggctctccag gtaaccaagg ttccecectggt cagccaggta accct 115
<210> SEQ ID NO 31
«211> LENGTH: 108
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
«220> FEATURE:
<223> OTHER INFORMATION: Primer OVL-PB-RV
<400> SEQUENCE: 31
gegtcectgcag tacgaattct attagccacce ggcectggacce tggtttcecctg gtttaccttyg 60
ttcacctggt tgaccagggt tacctggctyg accaggggaa ccttggtt 108

<210> SEQ ID NO 32
<211> LENGTH: 26
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:



<223>

<400> SEQUENCE:

gcgtcectgcag tacgaattct attagc

32

77

OTHER INFORMATION: Primer HLP-PB-RV

-continued

Synthetic amino acid sequence

<210> SEQ ID NO 33
<211> LENGTH: 104
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION:
<400> SEQUENCE: 33
Gly Pro Pro Gly Glu Pro Gly Asn Pro
1 5
Gln Pro Gly Asn Lys Gly Ser Pro Gly
20 25
Glu Gly Gln Pro Gly Gln Pro Gly Gln
35 40
Gly Ser Asn Gly Pro Gln Gly Ser Gln
50 55
Gln Pro Gly Ser Pro Gly Ser Gln Gly
65 70
Pro Gly Gln Pro Gly Asn Pro Gly Gln
85
Gly Asn Gln Gly Pro Ala Gly Gly
100
<210> SEQ ID NO 34
<211> LENGTH: 401
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE:

Gly Pro Pro Gly

1

Gln

Glu

Gly

Gln

65

Pro

Gly

ASh

Pro

Gly
145

Pro

Gly

Ser

50

Pro

Gly

Agn

Gln

Gly

130

Glu

Agn

Gly

Gln

35

Agn

Gly

Gln

Gln

Gly

115

Agn

Pro

Gly

Agn

20

Pro

Gly

Ser

Pro

Gly

100

Gln

Glu

Gly

Gln

34

Gly

Pro

Pro

Gly

85

Pro

Pro

Gly

Ser

Pro
165

Pro

Gly

Gln

Gln

Gly

70

Agn

Ala

Gly

Gln

Asn

150

Gly

Gly

10

Agn

Agh

Gly

Ser

Pro
S0

Ser

Pro

Gly

Agnh

Pro

75

Gly

Pro

Gly

Gln

Pro

60

Gly

Glu

Gly

Gln

Pro

45

Gly

Asn

Gln

ASnhn
Pro
30

Gly

Gln

Gly

Synthetic amino acid sequence

Gly

Ser

Pro

Gly

55

Ser

Pro

Gly

Agnh

Pro

135

Gly

Ser

Agn

Pro

Gly

40

Ser

Gln

Gly

Glu

Lys

120

Gly

Pro

Pro

Pro

Gly

25

Gln

Gln

Gly

Gln

Pro

105

Gly

Gln

Gln

Gly

Gly

10

Agn

Agn

Gly

Ser

Pro

90

Gly

Sexr

Pro

Gly

Ser
170

Ser

Pro

Gly

Agn

Pro

75

Gly

Agnh

Pro

Gly

Ser

155

Gln

Pro

Gly

Gln

Pro

60

Gly

Glu

Pro

Gly

Gln

140

Gln

Gly

Gly

Gln

Pro

45

Gly

Asn

Gln

Gly

Agh

125

ASn

Gly

Ser

Agn
Pro
30

Gly

Gln

Gly

Ser

110

Pro

Gly

Agn

Pro

Gln

15

Gly

Glu

Agn

Gly

Lys
S5

Gln

15

Gly

Glu

Agn

Gly

Lys

o5

Pro

Gly

Gln

Pro

Gly
175

US 8,188,230 B2

(monomer

Gly

Agn

Pro

Gly

Ser

80

Pro

(tetramer

Gly

Agn

Pro

Gly

Ser

80

Pro

Gly

Gln

Pro

Gly

160

Agn

(P))

(P4))



Gln

Gly

Ser

Pro

225

Gly

AsSn

Pro

Gly

AsSn

305

Pro

Gly

Ser

Gln

Gly

385

Gly

<210>
<211>
<212>
<213>
<220>
<223>

Gly

Pro

210

Gly

Gln

Pro

Gly

Glu

290

Pro

Gly

Gln

Gln

Gly

370

Gln

Ser

Pro

195

Gly

Gln

Pro

Gly

AgSh

275

Gln

Gly

Agn

Agn

Gly

355

Ser

Pro

Pro

180

Gly

Agn

Pro

Gly

Lys

260

Gln

Gly

Ser

Pro

Gly

340

Agnh

Pro

Gly

<400> SEQUENCE:

21

Gly

Asn

Gln

Gly

Glu

245

Asn

Gly

Pro

Gly

325

Gln

Pro

Gly

Glu

SEQ ID NO 35
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer

35

Gln

Gln

Gly

Agnh

230

Pro

Gly

Ser

Pro

Gly

310

Gln

Pro

Gly

Agn

Gln
290

gactggttcc aattgacaag ¢

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

SEQUENCE :

21

SEQ ID NO 36
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer

36

gcaaatggca ttctgacatc ¢

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

SEQUENCE :

21

SEQ ID NO 37
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer

37

tactattgcc agcattgcectg ¢

79

Pro

Gly

Gln

215

Glu

Gly

Gln

Pro

Gly

295

Asn

Pro

Gly

Gln
375

Gly

Gly

Pro

200

Pro

Gly

Ser

Pro

Gly

280

Agn

Gln

Gly

Glu

Agh

360

Gly

AgSh

185

Ala

Gly

Gln

Agn

Gly

265

Gln

Gln

Gly

ASn

Pro

345

Gly

Ser

Pro

Pro

Gly

Agn

Pro

Gly

250

Ser

Pro

Gly

Gln

Glu

330

Gly

Gln

Pro

Gly

Gly

Glu

Gly

235

Pro

Pro

Gly

Pro

Pro

315

Gly

Ser

Pro

Gly

Agnh
395

-continued

Gln

Pro

Gly

220

Gln

Gln

Gly

Agnh

Ala

300

Gly

Gln

Asn

Gly

Gln

380

Gln

Pro

Gly

205

Ser

Pro

Gly

Ser

Pro

285

Gly

Asn

Pro

Gly

Ser

365

Pro

Gly

Gly

120

Agn

Pro

Gly

Ser

Gln

270

Gly

Glu

Gly

Pro

350

Pro

Gly

Pro

Glu

Pro

Gly

Gln

Gln

255

Gly

Gln

Pro

Gly

Gln

335

Gln

Gly

Agn

2la

US 8,188,230 B2

Gln

Gly

Agn

Agh

240

Gly

Ser

Pro

Gly

Ser

320

Pro

Gly

Ser

Pro

Gly
400

80



<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

PRT

SEQUENCE :

Tyr Gly Asn Ser

1

Gly

Pro

ATrg

Gly

65

Hig

Pro

Gly

Glu

Pro

145

Gly

Ala

Thr

Gly

Ser
225

<210>
<211>
<212>
<213>
<220>
<223>

ASpP

Pro

Gly

50

Pro

Agn

Gly

Gln

Agn

130

Gly

Pro

Pro

Gly

Pro

210

Pro

Ala

Gly

35

Leu

Gln

Gly

Thr

Pro

115

Gly

Pro

Ala

Gly

Ser

195

Pro

Gly

Gly

20

Ser

Ala

Gly

Glu

Ala

100

Gly

Ser

Val

Gly

Pro

180

Agnh

Gly

Pro

<400> SEQUENCE:

277

SEQ ID NO 38
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

228

38

Gly

5

Gln

Pro

Gly

Tle

85

Gly

Arg

Pro

Gly

Pro

165

Gln

Gly

Ser

SEQ ID NO 39
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer

39

Ser

Pro

Gly

Pro

Lvs

70

Gly

Glu

ASP

Gly

Pro

150

Ser

Gly

Tle

Pro

81

-continued

Synthetic amino acid sequence

Pro

Gly

Pro

Pro

55

Gly

Pro

Pro

Gly

Ala

135

Ser

Gly

Pro

Gly
215

Gly

Glu

Leu

40

Gly

Glu

Pro

Gly

Ser

120

Pro

Gly

Ala

ATrg

Gly

200

2la

cttcccagat gtcecctatgge tatgatg

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

ccgetegagg cgctegecag gaggtcocagg cag

SEQUENCE :

33

SEQ ID NO 40
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer

40

Agn

Lys

25

Gly

Met

Ser

Gly

ATrg

105

Pro

Gly

Pro

Gly
185

His

Ala

Pro
10

Gly

Tle

Pro

Gly

Pro

90

ASpP

Gly

2la

Agn

Gly

170

ASp

Arg

Gly

Gly

Pro

Ala

Gly

Liys

75

Gln

Gly

Gly

Pro

Gly

155

Pro

Gly

His

Val

Pro

Gly

Pro

60

Pro

Gly

Asn

Gly

140

ASP

Ala

Gly

Phe

Gln
220

Ala

Gly

Leu

45

Arg

Gly

Leu

Pro

Gly

125

His

Arg

Gly

Glu

Pro

205

Gly

Gly

Ala

30

Thr

Gly

2la

Pro

Gly

110

ASP

Pro

Gly

Ala

ATrg

190

Gly

Ala

Pro

15

Gln

Gly

Ser

Ser

Gly

o5

Ser

Arg

Gly

Glu

Arg

175

Gly

AgSh

Val

US 8,188,230 B2

Gly

Ala

Pro

Gly

80

Gln

ASpP

Gly

Pro

Thr

160

Gly

Glu

Pro

Gly

277

33

32



83

<210> SEQ ID NO 41

<211l> LENGTH: 33

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 41

gcgctcecgagyg ggaggaccaa tgggaccagt cag

<210> SEQ ID NO 42

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> QOTHER INFORMATION: Primer

<400> SEQUENCE: 42

gcgctcgagg ccaggagaac caggaggacce ctg

<210> SEQ ID NO 43

<211> LENGTH: 45

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 43

US 8,188,230 B2

-continued

tcgaaaagag agaggctgaa gctcccatgg gataactcga gtagg

<210> SEQ ID NO 44

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> QOTHER INFORMATION: Primer

<400> SEQUENCE: 44

aattcctact cgagttatcce catgggagct tcagcectcecte tettt

<210> SEQ ID NO 45

<211> LENGTH: 45

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 45

tcgaaaagag agaggctgaa gctcccatgg gataactcga gtagg

<210> SEQ ID NO 46

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> QOTHER INFORMATION: Primer

<400> SEQUENCE: 46

aattcctact cgagttatcce catgggagct tcagcectcecte tettt

<210> SEQ ID NO 47

<211> LENGTH: 310

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic amino acid sequence

<400> SEQUENCE: 47

33

33

45

45

45

45

34



Pro

Pro

Gly

ATg

65

Gly

Ala

Pro

Gly

Asn

145

Thr

Gly

Glu

Pro

Gly

225

Pro

Pro

Gly

Pro
305

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

Met

Gly

Gly

Agn

50

Gly

Leu

Gly

Glu

130

ASpP

Gly

Pro

Pro

Gly

210

Tle

Gln

Gly

2la

Arg

290

Gly

Gly

Pro

Ser

35

Gly

Pro

Pro

Gly

Glu

115

ATrg

Gly

Pro

Gln

Gly

195

Ala

Ala

Gly

Ala

Thr

275

Gly

Glu

Pro

Gln

20

Gly

ASDP

Pro

Gly

ASP

100

Agn

Gly

Ala

Pro

Gly

180

Pro

ASDP

Gly

Pro

Pro

260

Gly

Ala

ATrg

PRT

SEQUENCE :

Ser

Gly

Pro

AsSp

Gly

Met

85

Ala

Gly

Arg

Val

Gly

165

2la

Pro

Gly

2la

Ser

245

Gly

Val

Leu

SEQ ID NO 48
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

595

48

Gly

Phe

Met

Gly

Pro

70

Gly

Ala

Pro

Gly

150

Phe

ATrg

Gly

Gln

Pro

230

Gly

Agn

Gln

Gly

Glu
310

85

Pro

Gln

Gly

Glu

55

Gln

Gly

Pro

Pro

Gly

135

Ala

Pro

Gly

Pro

Pro

215

Gly

Pro

Gly

Glu
295

Arg

Gly

Pro

40

2la

Gly

His

2la

Gly

120

Pro

2la

Gly

Ser

Ala

200

Gly

Phe

Pro

Gly

Pro

280

Pro

Gly

Pro
25

Gly

Ala

Arg

Gly

105

Gln

Pro

Gly

Ala

Glu

185

Gly

Ala

Pro

Gly

ASDP

265

Pro

Gly

Leu
10

Pro

Gly

Arg

Gly

90

Pro

Met

Gly

Pro

Val

170

Gly

ala

Gly

Pro

250

Thr

Gly

Pro

Pro

Gly

Pro

Pro

Gly

75

Phe

Gly

Thr

Pro

155

Gly

Pro

Ala

Gly

Ala

235

Gly

Pro

Ser

-continued

Gly

Glu

Pro

Gly

60

Leu

Ser

Gly

Pro

Ala

140

Gly

Ala

Gln

Gly

Ala

220

ATYg

Gly

Ala

Ala

Gly
300

Pro

Pro

Gly

45

Arg

Pro

Gly

Glu

Arg

125

Gly

Pro

Gly

Pro
205

AsSn

Gly

Agh

Gly
285

Leu

Pro

Gly

30

Pro

Pro

Gly

Leu

Pro

110

Gly

Ala

Thr

Gly

Val

120

Ala

Gly

Pro

Ser

Gly

270

Glu

Pro

Synthetic amino acid sequence

Pro Met Gly Pro Ser Gly Pro Arg Gly Leu Pro Gly Pro Pro

1

5

10

Gly

15

Glu

Pro

Gly

Thr

ASpP

o5

Gly

Leu

Arg

Gly

Glu

175

Arg

Gly

2la

Ser

Gly

255

Glu

Glu

Gly

Gly
15

US 8,188,230 B2

Ala

Pro

Gly

Glu

Ala

80

Gly

Ser

Pro

Gly

Pro

160

2la

Gly

Agn

Pro

Gly

240

Glu

Pro

Gly

Pro

Ala

Pro Gly Pro Gln Gly Phe Gln Gly Pro Pro Gly Glu Pro Gly Glu Pro

20

25

30

Gly Gly Ser Gly Pro Met Gly Pro Arg Gly Pro Pro Gly Pro Pro Gly

35

40

45

86



Arg

65

Gly

Ala

Pro

Gly

ASh

145

Thr

Gly

Glu

Pro

Gly

225

Pro

Pro

Gly

Pro

305

Gly

Pro

Ala

Gly

ATrg

385

Met

Gly

Ala

Gly
465

Agn
50

Gly

Leu

Gly

Glu

130

ASp

Gly

Pro

Pro

Gly

210

Tle

Gln

Gly

2la

Arg

290

Gly

Val

2la

Gly

Pro

370

Pro

Gly

Glu

ASpP

Gly

450

Leu

Gly

Pro

Pro

Gly

Glu

115

ATg

Gly

Pro

Gln

Gly

195

Ala

Ala

Gly

Ala

Thr

275

Gly

Glu

Ala

Gly

Leu

355

ASP

Gly

Phe

ATrg

Gly

435

Glu

Pro

ASP

Pro

Gly

ASP

100

Agn

Gly

Ala

Pro

Gly

180

Pro

ASP

Gly

Pro

Pro

260

Gly

Ala

ATJg

Gly

Pro

340

Pro

Gly

Pro

Pro

Gly

420

Glu

ATrg

Gly

Asp

Gly

Met

85

Ala

Gly

ATy

Val

Gly

165

Ala

Pro

Gly

Ala

Ser

245

Gly

Vval

Arg

Gly

Pro
325

Ala

Gly

405

Leu

Ala

Gly

Pro

Gly

Pro

70

Gly

Ala

Pro

Gly

150

Phe

ATg

Gly

Gln

Pro

230

Gly

Asn

Gln

Gly

Gly

310

Gly

Ala

Thr

Gly

390

Pro

Pro

Gly

Glu

Ala
470

87

Glu

55

Gln

Gly

Pro

Pro

Gly

135

Ala

Pro

Gly

Pro

Pro

215

Gly

Pro

Gly

Glu

295

Pro

Gly

Ser

Gly
375

Pro

Gly

Ala

Gln
455

Gly

2la

Gly

His

2la

Gly

120

Pro

Ala

Gly

Ser

2la

200

Gly

Phe

Pro

Gly

Pro

280

Pro

Gly

Pro

Pro

Gly

360

Pro

Pro

Gly

Pro

Gln

440

Gly

Pro

Gly

Ala

Gly

105

Gln

Pro

Gly

Ala

Glu

185

Gly

Ala

Pro

Gly

ASP

265

Pro

Gly

Ser

Ser

Gly

345

Leu

Pro

Gly

Thr

Pro

425

Gly

Pro

Pro

Gly

S0

Pro

Met

Gly

Pro

Val

170

Gly

2la

Gly

Pro

250

Thr

Gly

Pro

Arg

Gly

330

Glu

Thr

Gly

2la

Ala

410

Gly

ala

2la

Gly

Pro
Gly
75

Phe

Gly

Thr

Pro

155

Gly

Pro

Ala

Gly

Ala

235

Gly

Pro

Ser

Gly

315

Glu

Ala

Gly

Pro

ATYg

395

Gly

Ala

Pro

Gly

Glu
475

-continued

Gly Arg Pro

60

Leu

Ser

Gly

Pro

Ala

140

Gly

Ala

Gln

Gly

Ala

220

ATrg

Gly

Ala

Ala

Gly

300

Phe

ATYg

Gly

Ser

Ala

380

Gly

Glu

Val

Gly

Ser
460

Ala

Pro

Gly

Glu

Arg

125

Gly

Pro

Gly

Pro

205

Asn

Gly

ASn

Gly

285

Leu

Pro

Gly

Arg

Pro

365

Gly

Gln

Pro

Gly

Pro

445

Pro

Gly

Gly

Leu

Pro

110

Gly

Ala

Thr

Gly

Val

120

Ala

Gly

Pro

Ser

Gly

270

Glu

Pro

Gly

Ala

Pro

350

Gly

Gln

Ala

Gly

Pro

430

Ala

Gly

Gly

Thr

ASP

S5

Gly

Leu

ATrg

Gly

Glu

175

ATrg

Gly

2la

Ser

Gly

255

Glu

Glu

Gly

ala

Pro

335

Gly

Ser

ASP

Gly

Lys

415

2la

Gly

Phe

Pro

US 8,188,230 B2

Glu

Ala

80

Gly

Ser

Pro

Gly

Pro

160

b2la

Gly

Agn

Pro

Gly

240

Glu

Pro

Gly

Pro

ASpP

320

Gly

Glu

Pro

Gly

Val

400

Ala

Gly

Pro

Gln

Gly
480

88



Glu

ATg

Gly

Ala

Pro

545

Gly

Ser

Pro

<210>
<211>
«212>
<213>
«220>
<223 >

Gln

Gly

Pro

Lys

530

Gly

Pro

Pro

Leu

Gly

Glu

Ala

515

Gly

Leu

Gly

Glu
505

Val

AT

500

Gly

ASDP

Gln

Gly

Lys
580

PRT

<400> SEQUENCE:

Pro
1

Pro

Gly

ATrg

65

Gly

Ala

Pro

Gly

Agn

145

Thr

Gly

Glu

Pro

Gly
225

Met Gly Pro

Gly

Gly

AgSh

50

Gly

Leu

Gly

Glu
120

ASp

Gly

Pro

Pro

Gly

210

Tle

Pro

Ser

35

Gly

Pro

Pro

Gly

Glu

115

ATg

Gly

Pro

Gln

Gly

195

Ala

Ala

Gln

20

Gly

ASP

Pro

Gly

ASDP

100

Agn

Gly

Ala

Pro

Gly

180

Pro

ASP

Gly

Pro
485

Gly

Pro

Thr

Gly

AsSp

565

Asp

SEQ ID NO 49
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

822

49

Ser

5

Gly

Pro

AsSp

Gly

Met

85

2la

Gly

ATy

Vval

Gly

165

Ala

Pro

Gly

2la

Gly

Phe

ATrg

Gly

Met

550

ATrg

Gly

Gly

Phe

Met

Gly

Pro

70

Gly

Ala

Pro

Gly

150

Phe

ATrg

Gly

Gln

Pro
230

89

Asp
Pro
Gly
Ala
535
Pro

Gly

Ala

Leu

Gly

Agh

520

Pro

Gly

ASpP

ATy

Gly

Glu

505

AgSh

Gly

Glu

Ala

Gly
585

2la
490

ATrg

Gly

2la

Arg

Gly

570

Leu

Pro

Gly

Ala

Pro

Gly

555

Pro

Thr

-continued

Gly

Val

Pro

Gly

540

Ala

Gly

Pro

Gln

Gly

525

Ser

Ala

Gly

Pro

Ser

Gly

510

AgSh

Gln

Gly

Ala

Ile
590

Synthetic amino acid sequence

Pro

Gln

Gly

Glu

55

Gln

Gly

Pro

Pro

Gly

135

bAla

Pro

Gly

Pro

Pro

215

Gly

ATy

Gly

Pro

40

Ala

Gly

Hig

Ala

Gly

120

Pro

Ala

Gly

Ser

2la

200

Gly

Phe

Gly

Pro

25

ATrg

Gly

Ala

ATg

Gly

105

Gln

Pro

Gly

Ala

Glu

185

Gly

Ala

Pro

Leu
10

Pro

Gly

Arg

Gly

50

Pro

Met

Gly

Pro

Val

170

Gly

2la

Gly

Pro

Gly

Pro

Pro

Gly

75

Phe

Gly

Thr

Pro

155

Gly

Pro

Ala

Gly

Ala
235

Gly

Glu

Pro

Gly

60

Leu

Ser

Gly

Pro

Ala

140

Gly

Ala

Gln

Gly

Ala

220

ATYg

Pro

Pro

Gly

45

Arg

Pro

Gly

Glu

Arg

125

Gly

Pro

Gly

Pro
205

Asn

Gly

Pro

Gly

30

Pro

Pro

Gly

Leu

Pro

110

Gly

Ala

Thr

Gly

Val

120

Ala

Gly

Pro

Gly

495

Pro

ASpP

Gly

Leu

ASpP

575

Gly

Gly

15

Glu

Pro

Gly

Thr

ASP

55

Gly

Leu

ATrg

Gly

Glu

175

Arg

Gly

2la

Ser

US 8,188,230 B2

Ala

Pro

Gly

Ala

Pro

560

Gly

Pro

Ala

Pro

Gly

Glu

Ala

80

Gly

Ser

Pro

Gly

Pro

160

2la

Gly

Agn

Pro

Gly
240

90



Pro

Pro

Gly

Pro

305

Gly

Pro

Ala

Gly

ATrg

385

Met

Gly

Ala

Gly

465

Glu

ATg

Gly

Ala

Pro

545

Gly

Ser

Pro

Gly

Glu

625

ASp

Gly

Gln

Gly

2la

Arg

290

Gly

Val

Ala

Gly

Pro

370

Pro

Gly

Glu

ASpP

Gly

450

Leu

Gln

Gly

Pro

Lys

530

Gly

Pro

Pro

Gly

Pro

610

ala

Gly

ASp

Gly

Ala

Thr

275

Gly

Glu

Ala

Gly

Leu

355

ASP

Gly

Phe

Gly

435

Glu

Pro

Gly

Glu

Ala

515

Gly

Leu

Gly

Pro

595

Pro

Gly

Gln

Ala

Pro

Pro

260

Gly

Ala

ATrg

Gly

Pro

340

Pro

Gly

Pro

Pro

Gly

420

Glu

ATg

Gly

Val

ATJg

500

Gly

ASP

Gln

Gly

Lys

580

Ala

Gly

Pro

Pro

Gly
660

Ser
245
Gly

Val

Gly

Pro
325

Ala

Gly

405

Leu

Ala

Gly

Pro

Pro

485

Gly

Pro

Thr

Gly

AsSp

565

Asp

Gly

Pro

Pro

Gly

645

Pro

Gly

Agn

Gln

Gly

Gly

310

Gly

Ala

Thr

Gly

390

Pro

Pro

Gly

Glu

Ala

470

Gly

Phe

ATrg

Gly

Met

550

ATrg

Gly

Ala

Thr

Gly

630

Ala

Pro

91

Pro

Gly
Glu
295
Pro

Gly

Ser

Gly
375

Pro

Gly
Ala
Gln
455
Gly
AsSp
Pro
Gly
Ala
535
Pro
Gly
Ala
Pro
Gly

615

Pro

Gly

Pro

Gly

Pro

280

Pro

Gly

Pro

Pro

Gly

360

Pro

Pro

Gly

Pro

Gln

440

Gly

Pro

Leu

Gly

Agn

520

Pro

Gly

ASP

ATy

Gly

600

Ala

Ala

Gly

Pro

Gly

ASDP

265

Pro

Gly

Ser

Ser

Gly

345

Leu

Pro

Gly

Thr

Pro

425

Gly

Pro

Pro

Gly

Glu

505

Agn

Gly

Glu

Ala

Gly

585

ASP

ATrg

Gly

Glu

Ala
665

Pro

250

Thr

Gly

Pro

Arg

Gly

330

Glu

Thr

Gly

2la

2la

410

Gly

2la

2la

Gly

2la

490

Arg

Gly

2la

Arg

Gly

570

Leu

Gly

Phe

Pro
650

Gly

Gly

Pro

Ser

Gly

315

Glu

Ala

Gly

Pro

ATrg

395

Gly

Ala

Pro

Gly

Glu

475

Pro

Gly

Ala

Pro

Gly

555

Pro

Thr

Gly

Ala

Ala

635

Gly

Pro

-continued

Gly

Ala

Ala

Gly

300

Phe

ATYJ

Gly

Ser

Ala

380

Gly

Glu

Val

Gly

Ser

460

Ala

Gly

Val

Pro

Gly

540

Ala

Gly

Glu

Pro

620

Gly

ASD

Ala

Agh

Lys

Gly

285

Leu

Pro

Gly

Arg

Pro

365

Gly

Gln

Pro

Gly

Pro

445

Pro

Gly

Pro

Gln

Gly

525

Ser

Ala

Gly

Pro

Ala

605

Gly

Pro

Thr

Gly

Ser

Gly

270

Glu

Pro

Gly

Ala

Pro

350

Gly

Gln

Ala

Gly

Pro

430

Ala

Gly

Ser

Gly

510

Agn

Gln

Gly

Ala

Ile

590

Gly

ASP

Pro

Gly

Pro
670

Gly

255

Glu

Glu

Gly

2la

Pro

335

Gly

Ser

ASP

Gly

Lys

415

Ala

Gly

Phe

Pro

Gly

495

Pro

ASpP

Gly

Leu

ASP

575

Gly

Pro

Arg

Gly

Val
655

Pro

US 8,188,230 B2

Glu

Pro

Gly

Pro

ASp

320

Gly

Glu

Pro

Gly

Val

400

2la

Gly

Pro

Gln

Gly

480

b2la

Pro

Gly

2la

Pro

560

Gly

Pro

Ser

Gly

Ala
640

Gly

92



Pro

Ala

Gly

705

Pro

Ala

Gly

Thr

Pro

785

Gly

Pro

<210>
<211>
«212>
<213>
<220>
<223>

Tle

Gly

690

Pro

Val

Gly

Glu

Pro

770

Gly

Glu

Pro

Gly

675

Pro

Pro

Gly

ATg

Lys

755

Gly

Gln

Pro

Gly

Agn

Pro

Gly

Pro

740

Gly

Pro

ATy

Gly

Pro

820

PRT

<400> SEQUENCE:

Pro
1

Pro

Gly

Arg

65

Gly

Ala

Pro

Gly

ASh

145

Thr

Gly

Glu

Met Gly Pro

Gly

Gly

Agn

50

Gly

Leu

Gly

Glu

130

ASp

Gly

Pro

Pro

Pro

Ser

35

Gly

Pro

Pro

Gly

Glu

115

ATrg

Gly

Pro

Gln

Gly
195

Gln
20

Gly

ASP

Pro

Gly

ASP

100

Agn

Gly

Ala

Pro

Gly

180

Pro

Vval

Gly

Pro

Glu

725

Gly

Ser

Gln

Gly

Lys

805

Met

SEQ ID NO 50
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

595

50

Ser

5

Gly

Pro

Asp

Gly

Met

85

Ala

Gly

Arg

Val

Gly

165

Ala

Pro

Gly

Ala

Ser

710

Gly

Glu

Pro

Gly

Glu

790

Gln

Gly

Gly

Phe

Met

Gly

Pro

70

Gly

Ala

Pro

Gly

150

Phe

ATg

Gly

93

bAla
Thr
695
Gly
Gly
Val
Gly
Ile
775

Arg

Gly

Pro
6830
Gly

Agh

Gly

Ala

760

2la

Gly

Pro

Gly

Phe

Ala

Gly

Pro

745

ASP

Gly

Phe

Ser

Pro

Pro

Gly

Pro

730

Pro

Gly

Gln

Pro

Gly
810

Gly

Pro
715

Arg

Gly

Pro

ATYg

Gly

795

Ser

-continued

Gly

Ala

700

Pro

Gly

Pro

Ala

Gly

780

Leu

Ser

Pro

685

Ala

Gly

Glu

Pro

Gly

765

Val

Pro

Gly

ATrg

Gly

Pro

Thr

Gly

750

Ser

Val

Gly

Glu

Synthetic amino acid sequence

Pro

Gln

Gly

Glu

55

Gln

Gly

Pro

Pro

Gly

135

Ala

Pro

Gly

Pro

ATy

Gly

Pro

40

Ala

Gly

His

Ala

Gly

120

Pro

Ala

Gly

Ser

Ala
200

Gly

Pro

25

ATrg

Gly

Ala

ATrg

Gly

105

Gln

Pro

Gly

Ala

Glu

185

Gly

Leu
10

Pro

Gly

Arg
Gly
S0

Pro

Met

Gly

Pro

Val
170

Gly

2la

Pro

Gly

Pro

Pro

Gly

75

Phe

Gly

Thr

Pro

155

Gly

Pro

Ala

Gly

Glu

Pro

Gly

60

Leu

Ser

Gly

Pro

Ala

140

Gly

Ala

Gln

Gly

Pro

Pro

Gly

45

Arg

Pro

Gly

Glu

Arg

125

Gly

Pro

Gly

Pro
205

Pro

Gly

30

Pro

Pro

Gly

Leu

Pro

110

Gly

Ala

Thr

Gly

Val

120

Ala

Gly

ATy

Pro

Gly

735

Pro

Pro

Gly

Pro

Arg
815

Gly

15

Glu

Pro

Gly

Thr

ASpP

S5

Gly

Leu

Arg

Gly

Glu
175

Arg

Gly

US 8,188,230 B2

Ala

Val

Gly

720

Pro

Ala

Gly

Leu

Ser

800

Gly

2la

Pro

Gly

Glu

Ala

80

Gly

Ser

Pro

Gly

Pro

160

Ala

Gly

Agn

94



Pro

Gly

225

Pro

Pro

Gly

Pro

305

Gly

Pro

Ala

Gly

ATrg

385

Met

Gly

Ala

Gly

465

Glu

ATrg

Gly

Ala

Pro

545

Gly

Ser

Pro

Gly

210

Tle

Gln

Gly

2la

ATy

290

Gly

Val

ala

Gly

Pro

370

Pro

Gly

Glu

ASp

Gly

450

Leu

Gln

Gly

Pro

Lys

530

Gly

Pro

Pro

Leu

2la

Ala

Gly

Ala

Thr

275

Gly

Glu

Ala

Gly

Leu

355

ASP

Gly

Phe

Gly

435

Glu

Pro

Gly

Glu

Ala

515

Gly

Leu

Gly

Glu
505

ASP

Gly

Pro

Pro

260

Gly

Ala

ATy

Gly

Pro

340

Pro

Gly

Pro

Pro

Gly

420

Glu

ATg

Gly

Val

ATg

500

Gly

ASDP

Gln

Gly

Lys
580

<210> SEQ ID NO
<211> LENGTH: 4

<212> TYPE:
<213> ORGANISM: Artificial Sequence

PRT

Gly

2la

Ser

245

Gly

Vval

ATy

Gly

Pro
325

Ala
Gly
405

Leu

2la

Gly

Pro

Pro

485

Gly

Pro

Thr

Gly

AsSp

565

AsSp

51

Gln

Pro

230

Gly

Agnh

Gln

Gly

Gly

310

Gly

Ala

Thr

Gly

390

Pro

Pro

Gly

Glu

Ala

470

Gly

Phe

ATrg

Gly

Met

550

ATrg

Gly

95

Pro
215

Gly

Pro

Gly
Glu
295

Pro

Gly

Ser

Gly
375

Pro

Gly

bAla

Gln
455

Gly

Asp

Pro

Gly

Ala

535

Pro

Gly

Ala

Gly

Phe

Pro

Gly

Pro

280

Pro

Gly

Pro

Pro

Gly

360

Pro

Pro

Gly

Pro

Gln

440

Gly

Pro

Leu

Gly

Agh

520

Pro

Gly

ASpP

ATrg

Ala

Pro

Gly

ASP

265

Pro

Gly

Ser

Ser

Gly

345

Leu

Pro

Gly

Thr

Pro

425

Gly

Pro

Pro

Gly

Glu

505

AgSh

Gly

Glu

Ala

Gly
585

Gly

Pro

250

Thr

Gly

Pro

Gly

330

Glu

Thr

Gly

Ala

2la

410

Gly

2la

2la

Gly

2la

490

Arg

Gly

2la

Arg

Gly

570

Leu

Gly

Ala
235

Gly

Pro

Ser

Gly

315

Glu

Ala

Gly

Pro

Arg

395

Gly

Ala

Pro

Gly

Glu

475

Pro

Gly

Ala

Pro

Gly

555

Pro

Thr

-continued

Ala

220

ATYg

Gly

Ala

Ala

Gly

300

Phe

ATYg

Gly

Ser

Ala

380

Gly

Glu

Val

Gly

Ser

460

Ala

Gly

Val

Pro

Gly

540

Ala

Gly

Asn Gly Ala

Gly

AsSn

Gly

285

Leu

Pro

Gly

Arg

Pro

365

Gly

Gln

Pro

Gly

Pro

445

Pro

Gly

Pro

Gln

Gly

525

Ser

Ala

Gly

Pro

Pro

Ser

Gly

270

Glu

Pro

Gly

Ala

Pro

350

Gly

Gln

Ala

Gly

Pro

430

Ala

Gly

Ser

Gly

510

AgSh

Gln

Gly

Ala

Tle
590

Ser

Gly

255

Glu

Glu

Gly

Ala

Pro

335

Gly

Ser

ASP

Gly

Lys

415

2la

Gly

Phe

Pro

Gly

495

Pro

ASpP

Gly

Leu

ASpP

575

Gly
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Pro

Gly

240

Glu

Pro

Gly

Pro

ASp

320

Gly

Glu

Pro

Gly

Val

400

Ala

Gly

Pro

Gln

Gly

480

Ala

Pro

Gly

Ala

Pro

560

Gly

Pro
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-continued

<220> FEATURE:

<223> OTHER INFORMATION: Protease cleavage gite

<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (2)

<223> OTHER INFORMATION: Xaa 1is any haturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: misc feature

«222> LOCATION: (3)

<223> OTHER INFORMATION: Xaa 1s any haturally occurring amino acid

<400> SEQUENCE: 51

Leu Xaa Xaa Arg
1

<210> SEQ ID NO b2

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Protease cleavage gite

<220> FEATURE:

<221> NAME/KEY: misc feature

«<222> LOCATION: (2)

<223> OTHER INFORMATION: Xaa 1sg any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (3)

<223> OTHER INFORMATION: Xaa 1g any haturally occurring amino acid

<400> SEQUENCE: 52

Ile Xaa Xaa Arg
1

<210> SEQ ID NO 53

<211> LENGTH: 4

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Protease cleavage gite

<220> FEATURE:

<221> NAME/KEY: misc_feature

222> LOCATION: (2)

223> OTHER INFORMATION: Xaa 1g any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

222> LOCATION: (3)

<223> OTHER INFORMATION: Xaa 1s any haturally occurring amino acid

<400> SEQUENCE: 53

Val Xaa Xaa Arg
1

<210> SEQ ID NO 54

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Protease cleavage gite
<220> FEATURE:

<221> NAME/KEY: misc feature

«222> LOCATION: (2)

<223> OTHER INFORMATION: Xaa 1is any haturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: misc feature

«222> LOCATION: (3)

223> OTHER INFORMATION: Xaa 1g any haturally occurring amino acid
<400> SEQUENCE: 54

Met Xaa Xaa Arg
1
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The mvention claimed 1s:
1. A process for producing a collagen-like polypeptide,
wherein said process comprises the following steps:
(a) expressing a nucleic acid sequence encoding said col-
lagen-like polypeptide 1n a fungus host;
(b) growing said fungus 1n culture medium; and
(¢) punitying said collagen-like polypeptide from said cul-
ture medium;
wherein said collagen-like polypeptide comprises con-
secutive [Gly-X-Y] repeats;
wherein Gly stands for glycine, X and Y represent any amino
acid; wherein the length of the consecutive [Gly-X-Y | repeat
being such that 1ts weight on amino acid basis 1s at least 2.5
kDa; wherein the amino acid sequence of said collagen-like
polypeptide comprises more than 4 different amino acids; and

wherein said collagen-like polypeptide 1s free of all the
sequences LXXR (SEQ ID NO:31), IXXR (SEQ ID NO:52),

VXXR (SEQ ID NO:33), MXXR (SEQ ID NO:34), and
MGPR (SEQ ID NO:14), and wherein said purified collagen-
like polypeptide 1s free of helix structure.

2. The process according to claim 1 wherein said fungus 1s
a methylotrophic yeast.
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3. The process according to claim 2 wherein the methy-
lotrophic yeast 1s selected from Hansenula and Pichia.

4. The process according to claim 3 wherein the methy-
lotrophic yeast 1s Pichia pastoris.

5. The process according to claim 1 wherein said nucleic
acid sequence encoding said collagen-like polypeptide 1s free
of procollagen and telopeptide encoding sequences.

6. The process according to claim 1 wherein at least 0.95
gram/liter of said collagen-like polypeptide are produced.

7. The process according to claim 1 wherein at least 3
grams/liter of said collagen-like polypeptide are produced.

8. The process according to claim 1 wherein the said col-
lagen-like polypeptide 1s secreted.

9. The process according to claim 1 wherein the fungus 1s
free of active post translational processing mechanism for
processing said collagen-like polypeptide to fibrils.

10. The process according to claim 1 wherein the fungus 1s
free of active post translational processing mechanism for
processing collagen like polypeptide to triple helices.

11. The process according to claim 1 wherein the expres-
sion product 1s 1solated and purified until 1t 1s substantially
free of other protein, polysaccharide and nucleic acid.
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